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_Make Plans to Attend— 


TWENTY-SECOND ANNUAL MEETING 


OF THE 


FEDERATION. OF 
SEWAGE WorKS ASSOCIATIONS 


IN CONJUNCTION WITH 


NEw ENGLAND 
SEWAGE WorKS ASSOCIATION 


STATLER HOTEL 


BOsTON, MaAss. 


October 17-20, 1949 


Place Reservations Directly with Hotel 


FEDERATION OF SEWAGE Works ASSOCIATIONS 


325 ILLINOIS BUILDING CHAMPAIGN, ILLINOIS 
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In the CHICAGO Commuinutor the 
cutters and shear bars cut and chop: 
the channel feeds and holds. 


The combination of channel and ro- 
tating drum makes the CHICAGO 
Comminutor the only effective meth 
od for cutting and screening sewage 
solids in the stream. 


Engineering details of exclusive CHI 
CAGO Channel! Designs for any sew- 
age flow are available to engineers 
on request. 


Over 2000 successful installations 
prove “You Need Both Halves Of 
The Scissor 


The CHICAGO Comminuto: clways 
placed in an exclusively desiqned feeder 
channel. The hydraulic characteristics are 
at accumulating solids cannot clog 

slots; nor can rope-like material 

Ce mminution is rapid and 

reening is continu. 


oss section of a CHICAGO Comminutor 
strates a ron desiqn of con- 

urge channel. Sheared small 

pass through a maximum 

‘a in. Comminuted mat- 

settles out in the primary 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
2300 WOLFRAM STREET (———— CHICAGO 18, ILLINOIS 


Scru Peller. Plunger 


Swing Diftusers Stationary Diffusers 
tal and Vertical Non Clogs Mechanical Aerators, Combination 
Water Seal Pumping Units Samplers Aerator Claritiers)s Comminutors. 
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Builders Type M Totalizer-Indicator-Recorder 
connected to Kennison Open Flow Nozzle. 


BUILDERS PRODUCTS 


Venturi, Propeloflo and Orifice Meters 
Kennison Nozzles* Venturi Filter Controllers 
and Gauges * Conveyoflo Meters * Type 
M and Flo-Watch Instruments * Wheeler 
Filter Bottoms * Master Controllers 
Chlorinizer-Chlorine Gas Feeders * Filter 
Operating Tables * Manometers 
Chronoflo Telemeters 


BUILDERS KENNISON NOZZLE 


is specially designed for metering open 
flow of raw sewage, trade wastes, raw 
and digested sludge, and final effluent. 
In partially filled pipes and open chan- 
nels where low head conditions and 
widely varying flow rates are encount- 
ered, this nozzle meters accurately and 
dependably. Its accuracy is not de- 
pendent on field construction. Kennison 
Nozzles with proper Builders Instru- 
ments have proved eminently success- 
ful in this type of service and have con- 
tributed to the efficiency of many sew- 
age plants throughout this country and 
abroad. For complete information and 
Bulletin 334A, address Builders- 
Providence, Inc., (Division of Builders 
Iron Foundry), Providence 1, R. |. 


FEATURES 
1. Wide range efficiency 


2. Accuracy on low head instal- 
lations 

3. Clear through-way to avoid 
clogging by debris 

4. Flow velocity increase to pro- 
mote self-scouring 
Open top for easy inspection 
and cleaning 
Vent cleaner for cleaning 
piezometer hole 
Low head loss 
Economical installation 


BUILDERS 
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PROVIDENCE 
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Type S 
Rate of Flow 
Controller 


~ 


SIMPLEX 


ACCURATELY CONTROLS RATE OF 
FLOW OVER LONG RANGES! 

Of the most advanced, proven design, Simplex Type 5 

controllers meet all requirements of modern filter plants! 

Look at these unmatched advantages: 


@ Compact design, low weight 

Small overall dimensions 

Ball bearing mounted valve shaft 

Hydrostatically balanced, patented guillotine valves 
Horizontal or vertical installation 

Simple direct action design 

Venturi tube type of differential pressure producer 
Quick starting from open position 

Response to slightest differential pressure 

Extreme accuracy of control over long ranges 


For bulletin with full information, write to the Simplex Valve 
& Meter Co., Dept. 7, 6719 Upland Street, Philadelphia 42, Pa. 


X VALVE & METER CO. 
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May we demonstrate 


LINK-BELT Roto-Louvre 


Dryer Performance on Sludge? 


The Link-Belt Roto-Louvre Dryer is ideally suited for drying 
sewage siudge 


or solids from industrial wastes. Operating 
upon the principle of convected heat, it offers more eff 

ciency, more uniformity of product, no overheating or 
ng of material. It can handle a large volume in a 


r percolates hot air 


dust and 
aust 

you the performance of the 
nk-Belt Dryer Laboratory is avail 
s to show you exactly what you can do in 
Contact your nearest Link-Belt office to 
e a complete line of water, sewage and 
vid treatment equipment, such as coarse and 
eens, grit and sludge collectors for grit chambers 

and settling tanks, scum breakers for sludge digestion, and 
sludge handling equipment. Send for catalogs ELEVATION 


LINK-BELT COMPANY 


6 Phiadeloha 40, at 


‘ 
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“One of America's Safest Cities” 
THE MATHEWS FIREMEN SAY 


7 
MICH. 
BATTL 
They Neve, Said truer Word, because 
Batt) Cree. Michigan is Protected by ! 
Where Mathe, » thera 'S Safer, Plus, 
These freat bydrany. Live long’ trou. 
of desian 4nd ap, for sep, ice, Af} 
“Orking Parts are In 4 remoy., 
able barre. if reply, ment required. as 
when the hy drany Is Ver a 
truck 4 Spare barre) CaN he Nserted In 
The Stuffing box Plate. , ist Mlegra] with 
Silt fron, rea, hing the thread. 
4 Wick PPeration Is 4Ssured] at al] mes, 
int fy Point the Many feature. that 
} Shrew dest buy lor every Safety “Minded 
ern barre] Makes th. Mathey. hey, 
| 
| Made by p >. Woon COMPany 
Publi, ledge, Bldg ndependenc, Sq, Phita Pa 
i = Manufacturers of Sang Spun Pipe Cast in Sang 
= 
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Clay 


Liner 
SALVAGE RELIEF SEW 


= Engineering Department of 
Cudahy, Wisconsin, recently de- 
vised an unusual method of salvag- 
ing a non-vitreous relief sewer 
which had disintegrated from con- 
stant attack by sulphuric acid dis- 
charged from a nearby drop forge 
am | plant. Vitrified Clay Liner Plates 
were used to replace the invert of 
the sewer to take care of the high- 
acid waste material flowing through 
the line. The sewer arch, which had 
not been in contact with the waste 
material, was saved. 


\ \) STANDARD CURVED LINER PLATES 


‘9, 
€ >, 


Clay Pipe Passes A. S. T. M. Acid 


| Save WRITE FOR INFORMATION 


Forty-eight hours suspended in fiery ON YOUR CLAY PIPE QUESTION 
solutions of sulphuric, nitric, hydro- 
chloric, or acetic acids . . . that’s the NATIONAL CLAY PIPE MANUFACTURERS, INC? 


100 N. LaSalle St., Rm. 2100, Chicago 2, Il. 
522 First National Bank Bldg., Atlanta 3, Ga. 
703 Ninth and Hill Bldg., Los Angeles 15, Calif. 
1105 Huntington Bank Bldg., Columbus 15, Ohio 


rugged A. S. T. M. test for acid 
resistance! And Vitrified Clay Liner 
Plates come through without so 
much as a pockmark! That’s the 
reason Clay is specified by leading 
engineers the world over for sewer- 
age and waste disposal systems of 
all kinds. Clay Pipe and Clay Liner 
Plates are made from nature’s own 


chemically inert material . . . it 


never wears out! 849-2 
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‘How: depenc dable is a ‘ ludge 


Drier incinerator? 


The answer is found in operating 


3 logs” of sewage plants Using 


For instance: the Minneapolis- 


St. Paul Sanitary District 
reports runs of 24 hours a day—7 daysa week of which 
the following are illustrative: 

Moy 24, 1946 to March 26, 1947—306 DAYS 


April 25, 1947 to Morch 18, 1948—348 DAYS 


; 
= 
RESEARCH CORPORATION 
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* Koppers will handle the coating job 
from start to finish.” 


@ On water and sewage projects, it’s 
sound, long-range planning to turn the 
job of protecting the steel pipe over 
to Koppers Contract Department 
Koppers’ trained protection specialists 
will handle the job from start to finish. 

Koppers furnishes skilled workmen, 
competent supervision and special 
equipment to coat your pipe lines in- 
side and out with Koppers Bitumastic* 
Enamel. 

This permanent protective coating 


is processed from coal-tar pitch, a sub 


stance that has outstanding records in 
the battle against corrosion. Inside the 
pipe, the Bitumastic spun lining pre- 
vents rust and tuberculation and 
guards against the attack of sewage 
gases and acids. The Bitumastic ex- 
terior coating protects the pipe against 
moisture, corrosive soil electro- 
chemical reaction. 

For long-lasting protection against 
corrosion for a job done right from 
. call on Koppers Con- 


tract Department. 


start to finish . 


KOPPERS COMPANY, INC., Dept. 719T, Pittsburgh 19, Pa. 


a 
KOPPERS BITUMASTI( ENAMELS 
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pipe line surging with the cushioned closing of 


CHAPMAN 


CHECK NALVES 


Cushioned by the effect of the stream on the short 
flap of the balanced disc, Chapman Tilting Disc Check 
Valves close smoothly and quietly. Slamming and 
dangerous pipe line stresses are eliminated . . . main- 
tenance costs reduced. Head losses are cut 65% to 
80°( as compared with conventional type check valves. 


Chapman Tilting Disc Check Valves are obtainable 
in either iron or steel. For complete information send 
for catalog No. 30. 


The Chapman Valve Mfg. Co., Indian Orchard, Mass. 
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WANT INER EASED 
EFFICIENCY? 


Check REX 
Assures an effluent of maxi- 
mum clarity. 
Requires detention periods 
of from 4 to 2 of time re- 
quired by conventional tank. 
Provides maximum capacity 
for any desired tank size. 


e Operates efficiently at high 
overflow rates. 


Allows compact, eco- 
nomical grouping with 
other structures because 

of rectangular shape. 


CONVEYOR 
SLUDGE 
COLLECTOR 


SLUDGE HOPPER 
SLUDGE DRAW OFF PIPE 


Rex Verti-Flo Clarifier delivers a 
highly clarified effluent with an ex- 
tremely short detention period. This 
new, efficient unit consists of a series 
of adjustable weirs and baffles which 
divide a rectangular settling tank 
into a series of cells. Weirs are ad- 
justed to regulate closely the flow 
distribution among the cells for maxi- 
mum efficiency. Extremely long weir 
length is obtained with this unique 
principle. The combination of large 
weir length and low vertical veloci- 
ties assures a clearer effluent... far 
greater capacity ... minimum cost. 


EFFLUENT 


WOOD BAFFLES 


SECTIONAL 
ELEVATION 


Rex Verti-Flo can be installed in 
existing tanks to increase capacity 
and improve performance. In new 
construction, use of this highly efh- 
cient unit can help reduce construc- 
tion costs by holding required tank 
size to a minimum. 

Rex Conveyor Sludge Collectors 
can be used with Verti-Flo to concen- 
trate sludge at one end of the tank 
and to maintain a fluid sludge blanket 
where desired. 

For all the facts, write Chain Belt 
Company, 1606 West Bruce Street, 
Milwaukee 4, Wis. 


SANITATION EQUIPMENT 
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THE SYSTEM THAT LUBRICATES, SEALS A 


ND JACKS THE PLUG 


. TESTED VALVE LUBRICANTS, 


COMPOUNDED FOR SPECIFIC SERVICES 


fa. 


«+ INSURES PERMANENT, LEAK-PROOF SEATING AT ANY PRESSURE — 


UNEXPOSED TO ABRASIVE OR CORROSIVE MATERIALS IN LINE 


4 


SIMPLE QUARTER-TURN OPENS OR CLOSES VALVES 


Use only genuine Nordcoseal lubricants 


NORDSTROM VALVE DIV.-Rockwell Manufacturing Co, 
400 N. Lexington Ave., Pittsburgh 8, Pennsylvania 


Atlanta, Boston, Chicago Pittsburgh, San Francisco, 
Houston, Kansas City Seattle, Tulsa and 
Los Angeles, New York, leading Supply Mouses 


4 

: IN SEWAGE DISPOSAL PLANTS ' 

3 

TAPERED PLUG... 

GUARDED SEAT... 

STREAMLINED... smoota-watee 
SMOOTH -WALLED FLOW PASSAGES 

ves 

VAY 

KEEP UPKEEP DOWN 

Export Rockwe nternational Curp 
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LET 
AGE YOUR SEWER 


It’s true that material and labor costs 
are higher, but they need not undermine 
your sewer budget. A large portion of 
the total installed cost is in labor, and 
here is something you can do about that! 

You can save up to 25 per cent or 
more of labor costs by specifying ARMCO 
Sewer Pipe. This is how it is done... 

ARMCO Corrugated Metal Pipe is light 
in weight, easy to haul and handle using 
only ropes and plank skids. Long lengths 
mean fewer joints—less assembly— 
faster installation. No special founda- 
tions are required and no time is lost in 
curing. Unskilled labor quickly makes 
tight joints, using simple band couplers. 
On extra large sewers sturdy, prefabri- 
cated MULTI-PLATE sections are de- 
livered to the site ready for speedy, 
low-cost installation. 

You will also find other advantages 
in ARMCO Sewer Structures. Install them 
under railways and highways without 
worry of breakage or loading failures. 
There is a size and type for every pur- 
ose. ARMCO PAVED-INVERT Pipe com- 
erosion. ASBESTOS-BONDED Pipe 
provides all the durability you will ever 
need. Where headroom is limited ARMCO 
PiprE-ARCH saves time and labor. 

An Armco Engineer will be glad to 
demonstrate how you can save time and 
money on your specific problems. Ask 
him about ARMCO Sewer Structures be- 
fore figuring that next job. Armco 
Drainage & Metal Products, Inc., 175 
Curtis Street, Middletown, Ohio. 


ARMCO SEWERAGE PRODUCTS 
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GRIDUCTOR 


STRAIGHT CHANNEL SEWAGE SCREENING AND CUTTING 


SEND FOR.. 


Your copy of Bulletin No. 5100 
on eight-page illustrated folder 
describing the GRIDUCTOR in 
complete detail with drawings, and 
charts of operation, parts. installa- 
tion and capacities. 


= 


A BETTER Way to 


RIDUCTOR Intercepts and Reduces the 
larger solids in anormal sewage stream. 
Interception is by screen or grid action 

.. reduction by intermittant cutting without 
excessively increasing the dissolved organic 
content of the sewage. Other superior ad- 


vantages are; 1. Easy straight channel in- 
stallation, 2. Protection against fouling and 
clogging of treatment plant units, 3. Solids 
settle more readily in primary clarifier, 4. 
More gas production, $. Coarse and fine 
screening actions are combined with cutting 
and shearing, 6. Little loss of head whether 
cutters are idle or operating, 7. Low operat- 
ing cost, 8. Long life. 


GRIDUCTORS are giving highly satisfac- 
tory service from coast-to-coast. A firm of 


tes 


well known designing engineers writes . . 


“He is obtaining excellent service from the 


Infilco Griductor. Hospital sewage presents 
a far more difficult problem because band- 
ages, wrappings and larger quantities of all 
sorts of garbage are treated!’ Get complete 
information now. Call or write our nearest 
field engineer or send for our Bulletin 
No. 5100. 


© BETTER WATER CONDITIONING ° 
AND WASTE — SINCE 
1 


INFILCO INC. 


WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 


= 
Ta 
Ap, 
¥ 
FEN TY SIX PRINCIPAL CITIES 
: 
‘ 


SEWAGE WORKS JOURNAL 


AREC” SEWAGE GAS CONTROL EQUIPMENT 


axel 


BOILER 


DIGESTER 


Lies 


ere's How “VAREC”’ EQUIPMENT is used 


“VAREC” Fig. 58C Pressure Relief and Vacuum Breaker Valve with 
Flame Arrester—Relieves excess pressures and vacuum in digesters 
and protects vessels from outside fires. 

“VAREC” Fig. 230, 232 or 233 Sediment Trap {keeps lines drained and 

“VAREC” Fig. 245 or 248 Drip Trap (free from moisture 
VAREC” Fig. 211 or 211A Check Valve—controls direction of gas flou 
VAREC” Fig. 51A or 52A Flame Check—prevents flashback from 
burner pilot light or laboratory burners. 


“VAREC” Fig. 440 Pressure Relief and Flame Trap Assembly— 
permits excess pressure to be wasted through gas burner and prevents 
flame flashback from burner. 


—_“VAREC” Fig. 187 or 7 Pressure Reducing Regulator—controls 


PROVEDena APP». 


pressure of gas going to utilization equipment, 
“VAREC” Fig. 450 Flame Trap Assembly—prevents flame propagation 
in piping. 
—“VAREC” Fig. 70 Explosion Relief Valve—relieves sudden surges in 
pressure from explosion or momentary plant fluctuations. 
_“VAREC” Fig. 215, 215A, 216 or 216A Manometer—indicates system 
pressures. 
“VAREC” Fig. 236, 237 or 238 Waste Gas Burner—efficiently burns 
all excess gas. 


Write for Catalog S-3 
ee 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U.S.A. 


NEW YORK PITTSBURGH CHICAGO 
30 CHURCH ST 939 GULF BLOG 122 SO MICHIGAN AVE 


TULSA HOUSTON 
409 TULOMA BLDG EM BLOG 


Avoilable from Authorized Sewage Equipment Agents throughout U S$ end Conde 
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in hundreds of cases 
like these... 


Five Jeffrey-equipped 
treatment plants are 
shown here. They in- 
clude towns and cities 
serving populations 
ranging from 1500 to 
several million. Find 
out about Jeffrey Col- 
lectors, Bar Screens, 
FLOCTROLS, Grit 
Washers, Sludge Ele- 
vators, Scum Remov- 
ers, Chemical Feeders, 
Screenings Grinders, 
etc. 


When you really want to correct your ills you go to a specialist. 
That is just good sense. Many cities with growing pains have 
called in Jeffrey, MD (Mechanically-Designed) for equipment to 
treat water and sewage effectively. Jeffrey Sanitation Engineers 
are specialists. You can turn your problem over to them with full 


confidence for it’s a TREAT TO GET GOOD TREATMENT. 


SALES OFFICES IN PRINCIPAL CITIES 
THE JEFFREY MANUFACTURING COMPANY 902 NORTH FOURTH STREET, COLUMBUS, OHIO 
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Sixty-inch concrete pipe was select- 
ed by the Greater Vancouver Joint 
Sewerage and Drainage Board for the 
Borden Trunk Sewer shown above. 
This combination storm and sanitary 
sewer line was installed by a regular 
crew of the Board. 


Whether you plan a similar large- 
diameter storm and sanitary sewer or 
a smaller residential sewer you can 
be sure that concrete pipe will meet 
every requirement, 


Concrete pipe’s great strength en- 


ables it to resist severe impact and 
to sustain heavy overburdens. Its 


smooth interior walls provide maximum 
hydraulic capacity and resistance to 
abrasion. Concrete pipe’s uniformly 
dense structure and joints that can 
be made watertight assure minimum 


infiltration and leakage. 


The unusual durability of concrete 
pipe enables it to render many years 
of heavy-duty sewer service. 


Dependable concrete pfpe is moder- 
ate in first cost. It costs little or 
It has long life. 
In simple arithmetic, this adds up 
to low-annual-cost service -- the true 


nothing to maintain. 


measure of sewer line economy. 


PORTLAND CEMENT ASSOCIATION 


A national organization to improve and extend the uses of portland cement 33 W. Grand Avenue 
and concrete...through scientific research and engineering field work Chicago 10, Illinois 
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“PACKAGE” TREATMENT PLANT 


No odors, no flies, 
this plant can be loca- 
ted near habitation. 


design using a 
single comp: act concrete 


struction cost. 


for modest budgets 


FOR COMMUNITIES UP TO 3500 POPULATION * INDUSTRIAL PLANTS © INSTITUTIONS * AIRPORTS * HOUSING PROJECTS 


Many small communities and outlying 
institutions, compelled to purify wastes 
but lacking ample supply of diluting 
water, have solved a critical problem 
by installing Yeomans ‘‘Package”’ Aeri- 
fier activated sludge plants. 


HIGH EFFICIENCY AT LOW COST 


Here indeed is a highly efficient means 
of purification, designed to fit the mod- 
est budget. In a single compact con- 
crete unit of minimum dimensions you 
get aeration and final sedimentation, 
producing crystal-clear effluent at re- 
markably low over-all plant cost. Free 
from odors and flies, the plant can be 
put near habitation. Operation is sim- 
ple, with supervision limited to routine 


check-up. All units are open for visual 
inspection. Of permanent concrete 
construction the plant will serve effici- 
ently for many years. 


THOROUGHLY ENGINEERED 


Every installation of the Yeomans 
“Package” Aerifier includes final ad- 
justment, initial tested operation, 
thorough training of operators and 
continued counsel from an organization 
with a 50-year reputation for sound 
engineering. 

A Yeomans recommendation, based on 
a full statement of your needs and 
complete with construction cost esti- 
mates and application engineering, will 
be sent upon request. 


YEOMANS BROTHERS COMPANY, i411 NORTH DAYTON STREET, CHICAGO 22, ILLINOIS 


For handling and treatment of domestic sewage and industrial waste, Yeomans manufactures: 
Yeomans Aero-Filter, high capacity trickling filter process * Yeomans “Package” Aerifier, 


activated sludge process 


Centrifugal and Pneumatic Sewage Ejectors 


Rotary Distributors 


Rectangular and Circular Sludge Collectors Digesters 
Scum, Grease and Sludge en Ejectors 
Plunger Sludge Pumps 


YEOMAN 
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For abrasive ladings Q.C.f) Lubricated Plug Valves with 
clear full circular ports* are ideal. Compact size is retained only 
through cylindrical plug design...straight-through flow with same shape 
and cross section as the pipe. Quick quarter turn to open 
or close...no exposed seats. For every reason 


Q.C.f; Valves should be your first choice. 


*Also offered with full area rectangular ports 


VALVES 


¢ 


Representatives in more 


4 Ideal for sewage operations. Ask for catalog 4-SJ. American Car and 
Ric ge Opera 


Foundry Company, Valve Division, 30 Church St, New York 8, N. Y 


than 50 principal cities. 
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Sewage Works 


Brown engineered instrumentation for sewage works gives 
you the most complete coverage of your indicating, re- 
cording or controlling requirements. You might call us 
“Headquarters” for your instrumentation needs . . . for 
Digesters, Dryers, Incinerators, Boilers, Mixing Basins, 
E:lutriators, Sludge Lines, Room Heating, ete. 

Whether you're planning a complete new plant or merely 
an addition, it’s a safe bet that a Brown instrument can help! 
If you don’t have a copy of catalog 7301, send for one to- 
day ... it gives the complete story on Brown instrumenta- 
tion for the treatment of sewage and industrial wastes. 


MINNEAPOLIS-HONEYWELL REGULATOR CO, 
BROWN INSTRUMENTS DIVISION 
4518 Wayne Ave., Philadelphia 44, Pa. 


Offices in principal cities of the United States, Canada and throughout the world 


ddvanced Instiumentation 


FOR SEWAGE TREATMENT 


oneywell 


('NSTRUMENTS 
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‘You. too, can \MPROVE PLANT: EFFICIENCY 
...REDUCE MAINTENANCE COST 


pemervean 


JET AERATIO 


Our staff of Sanitary En- 


gineers will cooperate with 


consulting and operating 


engineers in sugvesting the 
“ IN OUR 81ST YEAR “toe Sewage Treatment, and 


brocess of treatment and 110 North Water Purification Equipment 
tybe of equipment best AURORA, ILLINOIS . se RESEARCH- ENGINEERING - MANUFACTURING 


suited to individual needs. 
Offices Chicago * New York * Cleveland + Cincinnati + Kansas City + Sales Representatives throughout the World 
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g 
impartial field tests conducted under actual 
plant operating conditions show: 
1. 20% greater oxyge" absorption 
3 2.No settling throughout ranks 
3. Considerable saving in compress? air costs 
Field errormar e data © re yuest- 
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Treatment of 
‘Industrial Wastes 


Throughout the process industries, scores 
of concerns have found General Chemical 
Aluminum Sulfate an effective, economi- 
cal means of solving their industrial 
waste treatment problems. 

Laundries, paper mills, dairies, textile 
mills, canning plants, oil wells and pack- 
ing houses across the nation report 
General Chemical “Alum” useful in puri- 
fying wastes; coagulating and settling 
suspended matter; reducing coloring 
matter, including many dyes. 


CHEMICELS 


Buffalo 
Kansas City 
Pittsburgh 


GOR 


Offices: Albany - 
+ Charlotte 


Fifty years of working with the water 
industry on chemical methods of clarify- 
ing water has given General Chemical ex- 
tensive experience in the treatment of 
sewage and waste waters. This broad 
knowledge may be of value to you as it 
has to so many others. 

Assistance of the company’s technical 
service specialists is available without 
obligation. For help on your industrial 
waste treatment problems, write or 
phone our nearest office today. 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Atlanta + Baltimore - 
« Chicago + Cleveland Denver Detroit Houston 
Los Angeles 

Portland (Ore.) 
St. Louis 
In Wisconsin: General Chemical Company Inc., 


Birmingham + Boston + Bridgeport 


Minneapolis + New York Philadelphia 
Providence San Francisco «+ Seattle 

« Wenatchee and Yakima (Wash ) 

Milwaukee, Wis 


In Canada: The Nichols Chemical Company, Limited 
Montreal * Toronto * Vancouver 
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Sanitary mains of the pres- 
sure type call fora rugged pipe 
material and permanently 
If the installa- 


tion is planned for perma- 


tight joints. 


nence the pipe must have 
ample safety-margins in 
beam-strength, compressive- 
strength and impact-resist- 
ance, and, above all, it must 
resist 


effectively corrosion, 


If the main is to be efficient 


and economical, the joints 


must be _ infiltration-proof. 


The one sure way to plan a 


pressure sewer meeting all 
these requirements is tospeci- 
fycastironpipe. Forinform- 
ative booklet “Cast Iron 
Pipe in Sewerage Systems,”’ 
write to Cast Iron Pipe Re- 
search Association, Thomas 
F. Wolfe, Engineer, Peoples 
Gas Building, Chicago 3. 


CAST TRON PIPE 
SERVES FOR CENTURIES 


LOOK FOR THIS MARK IT IDENTIFIES CAST IRON PIPE 
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tn secage hrealment... 


THERE’S A DORR UNIT STEP IN | 
fer practically 


@ FOR PRELIMINARY @ FOR SECONDARY @ FOR COMBINATION 
TREATMENT TREATMENT TREATMENT 

1, The Dorrco Bar Screen 5. The Dorr Clarifier * The Dorr Duo-Clarifier 

* The Dorrco Fine Screen The ‘Mosorake 


* he re 
2, The Dorrco Sulzer Disintegrator The Dorrco Duo-Filter 


Whe Bars primary and secondary filtration 
@ FOR SLUDGE TREAT. 
The Dorrco Vacuator MENT AND DISPOSAL 
@ FOR PRIMARY 7. The Dorrco Sludge Pump * The Dorr Clarigester 
TREATMENT + The Dorr Multdigestion Systen diguitien) 
The Dorr Digester 
* The Dorrco Flocculator The Dorr Thickener * The Currie Claraetor 
4. The Dorr Clarifier The Spiral Heat Exchanger (aeration and clarification ) 
or The C-E Raymond Syster * The Dorrco Vacuator 
The Dorrec nora Sludge drying-incineration 


(primary and secondary clarification 


(for grit, scum and solids removal) 


Alternative or combination units not shown on composite drawing, 


Hf vou do not already have information 


on all the Dorr units shown in the com- 


postle flowsheet above, write for vour copy THE DORR COMPANY, ENGINEERS 
of “Dorr Equipment and Methods” . . 570 LEXINGTON AVE, NEW YORK 22, N.Y. 
1? pages of photos and deseriplions cover- ATLANTA * TORONTO + CHICAGO 
: DENVER + LOS ANGELES 
RESEARCH AND TESTING LABORATORIES 
WESTPORT, CONN. 
SUGAR PROCESSING 
PETREE & DORR DIVISION, NEW YORK 22,N. Y. 
ASSOCIATES AND REPRESENTATIVES 
Dorr Technical Services and Equipment Are Also 
j Avoiloble Through Associated Companies and Rep- 
resentatives in the Principal Cities of the World. 


ing every unit in the Dorr line 
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Sewage Works 


EFFECT OF CERTAIN DETERGENTS ON SEWAGE 
TREATMENT * 


By 

During the last several vears the use 
of synthetic detergents in industry and 
This in- 
use undoubtedly was stimu 
lated by the scarcity of soap during 


homes has greatly increased. 
creased 
the war vears. Whereas before the war 
the quantities of surface active agents 
produced were relatively small ( a few 
nullion pounds), since the war produce 
tion has increased greatly (Table 1] 
For instance, in 1941 the production of 
active agents in the United 
was about 28,000,000) in 
the latest figures available) the 
production amounted to 
000,000 Ib; unofficial estimates for 
1948 indicated 800,000,000 Ib., or 20 per 
cent of soap production. 


surface 
States 
1945. 
about 


Soap produc- 
tion tended to decline (1). 


TABLE I. Production of Soaps and 
Surface Active Agents 


104] 
142 
143 
145 


3,147,000,000 
2,929,000,000 
2,826 ,000,000 
3,291 ,000,000 
2,872,131,000 


27,060,000 
31,193,000 
59,576,000 
152,636,000 
184,442,000 


There is on the market a= great 
variety of synthetic detergents, which, 
in general, may be placed into four 
(1 


LrOUps : cationic compounds, sueh 


“Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Department 
of Sanitation, Rutgers University, 


RAYMOND MANGANELLI, 


AND ISAIAH GELLMAN 


us quarternary ammonium compounds ; 
» 


2) anionic compounds, such as fatty 
alcohol (Dreft) and sodinm 
alkyl aryl sulfonate (Naeconol N. R.) ; 
( nonionic materials, such as sulfon- 
ated mineral and (4) mixtures 
containing other ingredients. The 
quarternary ammonium compounds are 
venerally for sanitizing eating 
materials with trade names, 
such as Vel, Dreft, Swerl, Co-op, ete.. 
are packaged for household use; and 
Naeconol N.R. has been used to demon- 


sulfates 


oils: 


used 
utensils; 


strate its value for oil and grease re- 
Swerl is the 
trade name for packaged material sold 
in bulk as Naeconol. ) 


moval from city streets. 


has brought together 
a large amount of pertinent informa- 
tion 


Glassman 


surface active agents 
and their application in bacteriology. 
A presentation of data, and a theoreti- 
cal discussion of the effect of detergents 


concerning 


on biological systems and of theories 
of action, is out of place in this paper, 
Which is confined to some of the prae- 
tical aspects pertaining to the effect 
of 


sewave 


detergents on various phases of 
This paper is of a 
preliminary nature and results pre- 
sented illustrations rather than 
complete results obtained. Results on 
other types of detergents, together with 
data obtained 


treatment. 


are 


on specific problems. 
where larger amounts of grease, soap, 
and 


oils, and 


consequentls vreater 
quantities of detergents, are involved, 
as Well as the effect of coagulants on 


detergents and the effect of detervents 
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on coagulauts, will be published in fol- 
lowing contributions. 

The experi- 
mental purposes were bought in pack- 


compounds used for 
aged form, ready for household use. 
except Nacconnol N.R., which was ob- 
tained from the manufacturer. To esti- 
mate the possible effect of the surface 
active agents on the sewage character- 
and treatment devices, 
the quantities of detergents added were 
limited to those which may be expected 


istics various 


in domestic sewage : 
100 p.p.m. 


namely, from 10 to 


Effect on Strength of Sewage 


Two of the characteristics of the de 
tergents used—namely, pH and B.O.D 
are shown in Table I], together with 


TABLE B.O.D. of Certain 
Detergents and Soaps 


Detergents: 
Co-op 
Swerl 
Dreft 101,000 
Vel : 266,000 
Nacconol N.R ee 0 

Soaps: 

Ivory Snow 
Lux Flakes 
Super Suds 


1,410,000 
1,470,000 
975,000 


* of 0.1% solution 


the B.O.D. of 


used for household purposes. 


some soaps commonly 
The re 
sults show that some of the detergents 
and others 
Some of the detergents ex 
B.0.D., whereas others may 
have values as high as 500,000 p.p.m 
These values are substantially 


are slightly acid slightls 
alkaline. 


hibit no 


lower 
than those for the widely used house- 
hold doubt that 
some of the add to the 
B.O.D. load of sewage, but on the as 
sumption that the detergents would re 


There is no 


Soa 


detergents 


place the soap and the quantities used 


were similar to the amounts of soap 
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used, the strength of the sewage would 
Experience has shown that 
the amounts of soap present in domes- 


decrease. 


tie sewage vary from 20 to 50 p.p.m., 
and if it is assumed that the soap was 
replaced by detergents, the actual 
B.O.D. of the sewage would decrease 
by 15 to 40 p.p.m., 
detergent used. 


depending on the 
In general, therefore, 
the use of detergents will not increase 
the streneth of the sewave. 


Effect on Settling 


One of the functions of synthetic 
detergents is to lower the surface ten- 
sion of liquids. Theoretically, de- 
tension should facili- 
tate settling of suspended matter. To 
determine the effect of small quantities 


of several brands of detergents on the 


creased surface 


rate of settling of suspended material, 
amounts varying from 10 to 100 p.p.m. 
were added to samples of average and 
The 
pended solids was determined at 
quent 


strong sewage. removal of sus- 
fre- 
quiescent settline. 
The results obtained showed that Vel 
and Co-op, although vreatly differing 
in pil and B.O.D., had the least effect 
on the settling rates. Naeconol N.R. 
in amounts of than 30) p.p.m. 
slight retardation, whereas 
Dreft, being nearly neutral but with 
a relatively high B.O.D.. had a 
sistent effeet on the 
Figure 
With 
detergents, more suspended solids re 
mained in the effluent. 


solids 


intervals of 


more 
caused a 


settling rate 


increasing concentrations of 
The suspended 
remaining in the effluent of a 
Strong sewave after 60> min. quiescent 
settling gradually with in- 
creasing amounts of detergent, varying 
per with the lowest 
concentration of detergent to about 20 
per with the 
detergent added. 


increased 


from a few cent 


cent highest amount of 


Effect on Sludge Volume 
A series of experiments with average 


and strong raw sewages showed. that 


. 
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10 20 


FIGURE 


the detergents have no appreciable ef- 
fect on the volume of sludge produved, 
except Dreft which, despite lower re- 
moval of suspended solids, produced a 
persistently volume of 
varying from 7 to 1S per cent 


larger sludge 


Effect on Grease Removal 


‘Grease’? in sewage is mostly de- 
rived from soaps, which react with the 
caleium, 


magnesium, iron), are precipitated, and 


mineral constituents in water 
ure removed from the water. Deterg- 
ents do not form precipitates and pre- 
vent the precipitation of soaps. To 
determine the effect of detergents on 
vrease removal by settling, a series of 
experiments were made with average 
and using various 
quantities and different brands of de- 
tervents. 


strong samples, 
Results of four sets of ex- 
periments (Table IIL) show that Vel, 
Dreft, and Nacconol N.R. addition re- 
sulted in increasing amounts of grease 
in the effluent. Small quantities of the 
detergent Co-op seemed to have no ap- 
preciable effect, whereas larger quanti- 
ties appeared to aid grease removal. 


TIME IN MINUTES 


1.—Effect of increasing quantities of detergent 
(Dreft) on the rate of settling. 


30 40 50 60 


Attention is drawn to the fact that the 


detergent Co-op is alkaline in nature, 


whereas the other detergents are very 


slightly acid. 


Effect on B.O.D. Removal 


Soaps have a very high B.O.D. Be- 
cause some detergents added to sewage 
cause a decrease in removal of grease 
on sedimentation of sewage, it might 
be expected that the B.O.D. of the 
settled sewage would increase. Experi- 
ments made with different sewages to 
which varying quantities of 
brands of 


several 
were added 
showed that with strong sewages the 
B.O.D. generally increased the effluent, 


detergents 


TABLE III. Effect of Certain Detergents 
on Grease Removal by Settling 


Grease Removal (p.p.n 
Quantity of 


Detergent 


Vel Dreft Naecconol |) Co-op 

0 30.7 73.0 28.5 00.3 
10 30.0 81.2 36.3 94.0 
30 34.8 83.6 39.7 72.2 
100 42.6 92.2 54.2 750 


| 
300 
100 
20 
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TABLE IV. Effect of Certain Detergents 
on Percentage B.O.D. Reduction after 
Settling Strong Sewages 


64.8 
62.0 
61.2 
63.0 55.0 
62.5 55.0 


56.0 55.5 


56.5 
54.0 


but the precentages of B.O.D. remova 
were not materially affected, except 
with Naeconol N.R., whieh has a meas 
urable effeet when added in higher con 
centrations. A summary of the results 
obtained is shown in Table TV. 


Toxicity of Detergents Used 


Soaps have a very high B.O.D., but 
quantities up to 1,000 p.p.m. cause no 
retardation of oxidation as measured 
by the direct and dilution methods ot 
B.O.D. 


witl 


determination Experiments 


various synthetic detergents 
Vel and Dreft were read 
ily oxidized in concentrations of 1,000 
p._p.m. Detergents present in 
in quantities approximating concentra 
tions of 


showed th if 
sewage 
interfere with 


The detergent Nac 


Swerl) may cause some effect on 


soaps do not 
sewage oxidation. 
conol 
the rate of oxidation when present in 
quantities of 100 p.p.m. or more, but 
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in the range of concentrations in which 
soaps are found there is little, if any, 
retardation of biochemical activity. 


Effect on Activated Sludge 


Experiments were made with acti- 
vated sludge (conducted by the fill and 
draw method) by adding various quan- 
tities of detergents with each dose of 
sewage. The object of the study was 
to obtain indications concerning the ef- 
fect of 
sludge 


volume of 
suspended 
liquor, on the 
sludge index, on purification 


detergents on the 
produced, on the 
solids in the mixed 
as shown 
by suspended solids and B.O.D. in the 
effluent foaming. Well 
bulking activated 
sludges were used, both with low and 


average 


and on set- 


tling and also 


solids concentrations the 
mixed liquors. Brief summaries of the 
results obtained Tables 
V and VI to illustrate the conclusions 
reached. 


are given in 


With increasing quantities of 


conol 


Nae- 
N.R. the sludge index gradually 
decreased, whereas the suspended solids 
and B.O.D. in the effluent 
A considerable amount of 


increased, 
foaming ov 
curred, Which increased with increasing 
amounts of the detergent added. The 
floc, which was carried upward by the 
foam, was deposited in aggregates 
and also lost with the foam. resulting 
in a constant decrease of the suspended 
solids in the mixed liquor. 

Vel, used in 


conjunction with an 


TABLE V. — Effect of Nacconol N.R. on Activated Sludge, Using Low Mixed Liquor Concentrations 


BoD 


11.0 


8.5 


20.0 
23.0 


B.O.D. Reduetion 

Detergent 

p.p.m 

Vel Dreft Naceon Co-o} 

a 0 62.5 16.5 

10 63.5 | 49.5 

100 50.5 50.0 

| 

Susp. Solids tr 

Sludge \ Mixed Liq Sludge Ind 

dosage d fosug dosag dl r d dosage dosage dosage dosage 

0 114 s.0 1048 H40 125 905 13.0 144 

10 11.4 5.0 1112 156 102 109 23.5 973 10.7 

25 O88 | 206 131 | 225 | 135 | 32.7 | 30.7 

50 6.7 | 2.0 78 18.5 41.5 | 36.7 

100 6.7 S16 276 82 sO 23.0 14.3 147 
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TABLE VI.-—-Effect of Vel, Dreft, and Co-op 
on “Normal” and Bulking Sludge, Using 
Average Concentrations of Suspended 
Solids in Mixed Liquor (Eighth Dose) 


side 

Vel 

0 18.2 | 1824 a9 10.0 21.6 
10 19.5 | 1612 121 72 16.8 
25 18.7 1636 114 7.6 20.4 
50 20.2 | 1728 116 12.4 15.9 
100 18.7 1752 106 7.6 13.2 


2. 31.2 

10 25.9 | 1220 | 212 21.5 29.1 

28.00 1404 179 19.5 15.0 

15.1 1152 140 38.5 

100 10.5 1008 104 21.0 38.7 

( o-op 

0 28.8 1412 204 22.0 31.2 

10 15.7 1140 138 22.5 43.2 

25 9.7 86S 126 24 36.9 

50 972 7 25.0 

100 64 696 82 51.5 63.6 
average solids concentration the 


mixed liquor, had no measurable effect 
on the sludge index or degree of purifi- 
The caused some 
foaming, particularly with concentra- 
tions of 50 and 100 p.p.m., but the 
foaming was much than that 
caused by Nacconol in concentrations 
of 10 and 25 p.p.m. 

Dreft or Nacconol added to bulking 
sludge caused a definite decrease in 
the sludge index had no measurable 


cation detergent 


less 


effect on the suspended solids in the 
effluent, but showed a tendeney to cause 
The de- 


an increase in the B.O.D. 


TABLE VII. 


Sludge Condition 


Initial 6.7 7.3 
Digested, no detergent va 6.5 
Vel added 7.3 6.5 
Dreft added 7.3 6.3 
Nacconol added ta 6.5 
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Effect of Detergents on Digestion 


Potal Solids 
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tergents again caused aggregation of 
the floe and considerable foaming. 
Co-op, added .to bulking sludge, 
caused a considerable decrease in the 
sludge index. Separation between 


sludge and liquid was enhanced and 
clear cut. The suspended solids and 
B.O.D. in the effluent increased with 
increasing concentrations of the de- 


tergent. The detergent caused con- 
siderable foaming and aggregation of 
the floc. The turbidity of the effluent 
gradually increased, becoming greater 
with increasing amounts of detergent. 


Effect on Digestion 


A series of fresh solids-ripe sludge 
mixtures was prepared, using 2 parts 
of fresh solids to 1 part of ripe sludge 
on a volatile matter basis. The deterg- 


ents Vel, Dreft, and Nacconol N.R. 
were added in concentrations of 10, 


25, 50, and 100 p.p.m. to the various 
mixtures, which were incubated at 20 
(. for 31 days. 

The results obtained show that the 
detergents had no material effect on 
volatile matter destruction, grease re- 
duction, or gas production. <A. brief 
summary of the results obtained with 
100 p.p.m. detergent illustrates these 
conclusions (Table VII). It appeared, 
however, that the rate of digestion 
might be somewhat more rapid. This 
is illustrated by Figure 2, which shows 
that the peak of daily gas production 
was reached two days earlier with 100 
p-p-m. Nacconol than without deterg- 
ent. The curves for mixtures with 
lower quantities of detergent indicate 


| 
Gas gm. Vol. 


Solids 


Vol. Solids 


) 


Crease Grease Red 


48.2 14.7 

41.2 58 60.5 503 
412.2 5.4 
$2.5 5.8 60.5 504 
43.0 6.1 58.5 486, 
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FIGURE 2.—Effect of detergent (Nac- 
conol) on the rate of gas production. 


effects with  deereasing 


decreasing 
amounts 
Discussion 

Scarcity of soap and effective adver 
tising have probably aided the produc 
tion and sale of detergents for indus 
trial and domestic use during the last 
Although the produc 
tion of 185,000,000. Ib. 
is only 6.5 per cent of the total soap 
The question of the effect 
of detergents on 


several Vears. 


seems large, it 


production 
sewage treatment. is 
not of immediate general practical im 
portance, but may be important locally 
Where larger 


quantities of laundry 


Wastes are received. Sewave treatment 
plants which handle industrial wastes 
containing larger quantities of 
notice the effect 
In general, replacement 
of soap by detergents will reduce the 


soap 
may when detergents 


replace soap. 


strength of 
The effect 


treatment plants and various units is 


sewave., 

of detergents on sewage 
not uniform, some detergents having a 
Certain de 
measurable 


ereater effect than others. 


tergents have a effect on 
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resulting in 
increased suspended 
particularly — increased 
3.O.D. in the effluent, may be impor- 


settling devices, 
effluents. The 
solids, but 


pe yorer 


tant because a greater load is placed 
on secondary treatment devices. 
Detergents will increase the amounts 
Observations 
added to 


deevrees of 


of colloidal suspensions. 
that 100°) p.p.m. 
natural waters of 


show soap 
various 
hardness is partly precipitated and re- 
moved on The harder the 
the lower the B.O.D. caused by 
Moreover, the percentage B.O.D. 


settling. 
water, 
soap. 
reduction after settling is much higher 
with harder waters. This is indicated 
by the following figures : 


Hardness 
B.0.D. before 
B.O.D., 1 

reduct 


1250 
125 110 


Addition of 
junction with 


soap to water con- 


Increasing amounts of 
detergents results in increased amounts 
of dispersed solids and higher BOLD. 
of the effluent after settling. When 
the detergent has a B.O.D., the BOLD. 
of the mixture, as well as the B.O.D. 
of the after settling, increases 
as indicated by the 
for soft water: 


following figures 


B.O.D B.O.D 
tedue- 
Settling tion 


| 
p.p.t p.pem.) | 


Before After 


Settling 


Naceonol, 25 p.p.m.) 168 128 
50 p.p.m. 161 137 
100 p.p.m 165 143 
25 p.p.m. 167 140 
50 p.p.m 195 173 
100 p.p.m 220 103 


Dreft, 


Inasmuch as detergents are stable in 
hard waters, substitution of detergents 
for soap may appeal to users of hard 
water supplies, but may also cause in- 
difficulties for the 
operator. hard 
detergents have a similar effect to that 


creasing sewage 


plant water the 
in soft waters, but less marked, unless 


sufticient detergent is available to 


40 
\ 
30 
\ 
20}-, 
\ 
\ 
\ 
10 \ 

ag 
| 

4 
43.7 
4 
| 
21.5 
15.0 
13.3 
10.8 
11.8 
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soften the water. This is indicated by 
the following relative B.O.D. figures 
obtained by adding about 100 p.p.m. 
soap and increasing quantities of de- 
tergent (Dreft) : 


Hardness (p.p.m.) 44 


Before 
Settling 
p.p.m 


After 
settling 
p mh.) 


Before 
Settling 
(p.p.m.) 
117 69 
138 85 
147 109 


Although the B.O.D. of the effluent 
increases With increasing quantities of 
detergent in very hard water, the 
actual B.O.D. of the effluent is less than 
in soft water, unless the amounts of 
detergents are large enough to take 
care of the salts in solution. 

There is no evidence that detergents 
present in quantities equal to the 
amounts of ‘‘grease’’ in domestic sew- 
age are toxic to either aerobie or an- 
aerobic biological processes. Replace- 
ment of soaps by detergents would not 
affect directly the biological activities 
in trickling filters, activated sludge or 
sludge digestion, but it would have an 
indirect effect on the operation and 
purification results. The principal ef- 
fect to be expected on trickling filters 
is the increase in grease and finely di- 
vided substances in the effluent from 
settling devices, causing an increased 
load on the filters. A possible decrease 
in the degree of purification, especially 
from filters approaching their maxi- 
mum loading capacity or from those 
already overloaded, is apparent. 

The effect on the operation of the 
activated sludge process is threefold, 
namely: foaming, floe agglomeration, 
and carry over of suspended material. 
Some of the detergents cause more 
foam than others. Estimates of the 
amount of foam formed with 100 p.p.m. 
detergent added varied from a few 
inches to four or more feet, depending 
on the type of detergent. Smaller 
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After 
Settling 
(p.p.m.) 


quantities of detergents produce pro 
portionally less foam. Agglomeration 
of activated sludge floe results in more 
or less leathery pieces of floc attaching 
themselves to side walls, or settling 


168 


Before 
Settling 
(p.p.m.) 


After 
Settling | 
| 


41 


119 | 
146 50 
76 
rapidly because of their increased spe- 
cific gravity, requiring more turbulence 
or more air to keep them in suspension, 
and conceivably may reduce the degree 
of purification. The foam formed is 
rather tough and contains a consider- 
able amount of finely divided sus- 
pended solids. A portion of the foam, 
containing the suspended solids, re- 
mains on the surface of the settling 
tank and passes over the settling tank 
weir, impairing the effluent. The con- 
tinuous carry-over may even affect the 
solids concentration in the mixed 
liquor and the rate of purification. 
Some detergents decrease the quan- 
tity of (dry) solids retained in set- 
tling tanks and allow more grease to 
remain in the eftluent. Although the 
detergents, as such, may not have a 
great effect on the rate of digestion of 
solids, the decrease in sludge quantity, 
particularly the decrease in grease re- 
tained by settling, results in smaller 
quantities of gas produced. As soap 
and greases present in sludge are the 
principal sources of the gas produced, 
the replacement of soaps by detergents. 
together with the effect of detergents 
on the amounts of grease retained,, may 
be serious at places where all 
utilized for heat and power. 


gas is 


Summary 


The types and quantities of 
gents produced in the United 


deter- 
States 


G1 
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have inereased rapidly but still repre 
sent only a comparatively small 
percentage of the total soap production. 
In general, replacement of soap by de 
tergents will reduce the strength of 
The effect of detergents on 
plant units is not uniform, 
some detergents having a greater effect 
than others. Settling devices may be 
affected, producing a poorer effluent. 
Increased B.O.D. in the effluent 
settling tanks affect 
treatment devices. The replacement of 


sewage. 


sewage 


from 


may secondary 


soaps by detergents may have the 
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vreatest effect in areas with soft water 
supplies. but may also cause consider- 
able difticulty in hard water regions. 
The detergents tested are not toxie to 
activities, but have an in- 
direct effect on sewage treatment plant 
operation. The principal effeets appear 
to be: (1 
tling tanks, with consequent increased 
load on trickling filters; (2) foaming, 
flor agglomeration, and carry-over in 


biological 


decreased efficiency of set- 


activated sludge units; and (3) redue- 
tion in gas production from sludge di- 


gestion. 
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GREASE INTERCEPTOR STANDARDS AVAILABLE 


The Testing and Rating Procedure 
for Grease Interceptors, Plumbing and 
Drainage Institute Standard, PDI 
G101’ will soon be available for dis- 
tribution, according to a release of the 
Institute. 

The basic testing procedure is de- 
signed to simulate an actual plumbing 
installation in which grease intercep- 
tors are subjected to severe operational 
conditions. To obtain certification the 
interceptor must have maintained an 
average efficiency of 90 per cent or 
more and an incremental efficiency of 
80 per cent or more while retaining not 
less than 21, lb. of grease for each 1 
e.p.m. flow rate. Included with the 
testing procedure is a table showing 
the certification standard flow rates and 
grease retention capacity ratings for 
interceptors and the 
mended maximum capacity of fixtures 
to be connected to interceptors of 
Various sizes. 


vrease recom- 


The testing facilities of the United 
States Testing Co., Hoboken, N. J., are 
available to all manufacturers of 
vrease 


and 
test certificates are issued by that lab- 


intercepting equipment, 
oratory for all interceptors meeting the 
requirements of Test Standard PDI 
G101. Interceptors manufactured by 
members of the Plumbing and Drain- 
age Institute and which have received 


certification will be distinguishable by 
the Institute's ‘‘Seal of Certification,’’ 


affixed to the interceptors and showing 
the certified 
tention capacity. 


flow rate and grease re- 
Requests for Testing and Rating 
the Executive Offices of the Plumbing 
Institute, 18925 Grand 
Detroit 23, 


Procedure, addressed to 


and Drainage 


River Avenue, Michigan, 
will be answered as soon as copies are 


available. 
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QUANTITATIVE RELATIONSHIPS IN THE ACTIVATED 
SLUDGE PROCESS * 


By L. S. Kraus 


Chemist, Greater Peorta Sanitary District, Peoria, Ill. 


The early development of the acti- 
vated sludge process, as well as the 
subsequent installation and operation 
of large plants, indicated that certain 
parameters were satisfactory for the 
successful operation of the process. As 
more and smaller plants were installed 
and greater experience Was obtained it 
became apparent that difficulties were 
encountered because of limited facilities 
for handling sludges in various parts 
These difficulties were 
largely caused by the inability of the ac- 
tivated sludge to settle to the suspended 
solids concentrations anticipated in the 
plant design, and it became common 
practice to refer to this phenomenon 
as “bulking” of the activated sludge. 
Thus, bulking was related to the pump- 
ing capacities incorporated in a given 
plant and was looked on as an abnormal 
phenomenon. It is the intent of this 
paper to deal with varying sludge settle- 
ability, or density, as a variable, and to 
develop those parameters necessary to 
meet the requirements of this varying 
situation. 


of the process. 


Causes of Bulking 


The purification of sewage and indus- 
trial wastes by the activated sludge 
process is effected by a continuously 
varying mixed culture of microorgan- 
isms. The wastes being purified con- 
tain continuously changing mixtures of 
organic and inorganic compounds in 
varying concentrations. As the acti- 
vated sludge becomes acclimated to 
certain organic compounds, the rate of 
removal of these materials increases. 
When the organic content of the sewage 

* Presented at Twenty-first Annual Meeting, 
Federation of Sewage Works Associations; 
Detroit, Mich.; Oct. 18-21, 1948. 


changes, the organisms must reaccli- 
mate themselves to the new nutrient 
materials. Thus, activated sludge may 
be thought of as a continuously chang- 
ing biological medium in which differ- 
ent groups of organisms are increasing 
and decreasing in activity due to the 
varying nutrients in the wastes being 
purified and to varying environmental 
conditions. 

The causes of bulking, or high sludge 
volume index, activated sludge are not 
specifically known, but have been con- 
sidered to be brought about by the 
synthesis of insoluble organic com- 
pounds in the form of microorganisms 
and products produced by the effect of 
organisms on the dissolved, colloidal, 
and dispersed materials in the wastes 
treated. These insoluble substances 
are very low in density and compacti- 
bility and, being incorporated in the 
activated sludge, decrease the latter’s 
settleability. 

Ruchhoit ef al. (1) in studies of the 
activated sludge process has indicated 
that two gross phenomena—oxidation 
and adsorption and synthesis—are pro- 
ceeding simultaneously. When adsorp- 
tion and synthesis predominate, the 
sludge increases in sludge index. The 
factors that influence the rate of ad- 
sorption and synthesis are considered 
to be both environmental (such as 
aeration liquor dissolved oxygen and 
carbohydrate content) and biological 
(in that the presence of the filamentous 
bacteria, sphaerotilus natans, is usually 
present in large quantities in bulking 
activated sludge). Although the causes 
of bulking are many and apparently 
complex, its effect can be measured by 
the sludge volume index. If the sludge 
volume index is treated as a variable 
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614 SEWAGE 
which is the summation of many vari- 
ables, the situation becomes sufficient], 
simple to resolve mathematically. In 
this approach, the following units and 
symbols are used: 


Definition 


Sludge volume index 
Initial 
Of activated sludge formed 
Rate of flow: 
Sewage (m.g./hr.) 
Primary settling tank sludge 
(1000 gal./hr.) 
Digester liquor (1000 gal./hr. 
Waste digested sludge (1000 gal. /hr 
Return activated sludge (m.g./hr. 
Waste activated sludge (m.g./li 
Suspended solids concentration: 
Sewage (p.p.m 
Primary settling tank sludge (%) 
Digester liquor (%) 
Waste digested sludge (% 
Return activated sludge (p.p.m 
Aeration liquor (p.p.m.). 
Of activated sludge formed (p.p.m. 
Ratio of return activated sludge rate 
flow to sewage rate of flow 
Volume of aeration tanks (million cu.ft 
Suspended solids in activated sludge sys- 
tem (lb 
tate of suspended solids formed in acti- 
vated sludge system (lb./hr 
tate of fresh solids removed in primary 
settling tanks (lb./hr 
Time (hr. t 


Sludge Volume Index—-Time Relation- 
ship with Constant Solids 
in System 


In developing the equations repre- 
senting the rate of change of sludge 
volume index, two situations are con- 
sidered: one, of constant activated 
sludge solids in the system; the other, 


|ACTIVATED SLUDGE 
SYSTEM 


A= SOLIDS IN SYSTEM 


FIGURE 1.-—Relationship between sludge 
volume index, /, with time, for activated sludge 
system in which the weight of activated sludge 
is kept constant. 
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of constant settled sludge volume in the 
system. 

At constant activated sludge solids, 
the following derivation applies. The 
differential equation states that the rate 
of change of sludge volume in the sys- 
tem, if it were to be suddenly settled 
(A J), is equal to the rate of activated 
sludge formed, B, times the difference 
of the sludge volume indexes of the 
sludge formed, /,, and the sludge wasted, 
I. This is shown diagrammatically in 
Figure 1, and is expressed as follows: 


A 


Integrating and simplifying, 


BY 

-if=Ce 4 

Wheni = 0,7 = 
values in Eq. 1 gives 
= Co 


Kq. 


.(1) 


Substituting these 


Substituting for Cs in 1 and sim- 


plifying, 


J=/,-—(U 


In order better to understand this 
expression, Which establishes the sludge 
volume index as an exponential func- 
tion of time, it is possible to assume 
values for J,, /o, B, and A, and to plot 
the curve of J for various values of f. 
This has been done in Figure 2 with the 
assumptions that J, = 500, J, = 100, 
8.34Sb, S=1, b= 150, and 
A = 62.5Za. The value of Z is de- 
termined for a 6-hr. retention period 
with a return sludge of 25 per cent. 
This is equivalent to a 7.5-hr. retention 
period on the basis of sewage flow only. 
Thus, the value of Z used is 1 million 
cu. ft. 

It is obvious from Figure 2 that the 
rate of change of the sludge volume 
index increases as the suspended solids 
in the aeration tanks decrease. It is 


<3, 
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) 
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B 
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500 
Is=500 

Z 
a= 20 

a 
y) 100 


20 


FIGURE 2. 


assumed that the sludge in the final 
settling tanks and the volume of waste 
digested sludge are sufficiently small to 
be omitted from the values of A and S. 
In this situation, the aeration tank 
suspended solids are held constant, and 
the rates of flow of return sludge and 
waste activated sludge are varied to 
compensate for the varying density of 
the activated sludge. 


Return Sludge and Varying 
Sludge Density 


In order to determine the value of 
the return sludge required at any time, 
it is necessary to establish a relationship 
between the suspended solids concen- 
tration of the return sludge from the 
final settling tanks and the sludge vol- 
ume index. It is assumed that the 


return sludge concentration is an in- 


TIME 


Effect of high and low aeration liquor suspended solids on the rate of 
change of sludge volume index. 


40 


- HOURS 


verse function of the sludge index as 
follows: 
10° K’ ; 

f= I 
The value of the constant K’ must be 
assumed, because to a large degree it is 
a function of the retention period and 
design of the final settling tanks. 
Bloodgood (2) has indicated his 
studies that the value of A’ should be 1. 
This means that the concentration of 
suspended solids in the return sludge 
should be equal to that obtained in the 
sludge after 30-min. settling of aeration 
liquor in a liter graduate. Experience 
has indicated that the value of AK’ can 
be as high as 1.2 for values of J less 
than 100. If operations are carried out 
to keep A’ = 1, a reasonable factor of 
safety will be maintained for most 
values of J encountered in plant prac- 
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SETTLING 
TANKS 
s 
FIGURE 3.—Relationship between aeration 
liquor suspended solids, ratio of return sludge 
rate of flow to sewage rate of flow, and sludge 
volume index. 


In this paper the value of AK’ l 
will be assumed in the equations de- 
rived; however, in application of the 
equations to a particular plant the 
value of A’ most suitable to the par- 
ticular situation may be used. 

The solids balance in the final settling 
tanks (Figure 3) may be considered as 
a means of establishing the relationship 
between the aeration liquor suspended 
solids, a, the ratio, v, of the rate of flow 
of return sludge from the final settling 


tice. 
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tanks, /?, to the rate of sewage flow, S 
and the sludge volume index, J. 


Thus, 


S+ R)a=Rr 


By substituting Iq. 3 in this expression 
and simplifying, 


108A’ 


(R) 


Hlowey eT. 


so that 


and when A’ 
10° 


(1+ 


a 


Thus is established an expression that 
relates the factors desired and makes it 


° 


RATIO- RETURN SLUDGE FLOW 
TO SEWAGE FLOW -v 


SLUDGE 


VOLUME 


400 500 


INDEX 


FIGURE 4.—Relationship between the return sludge ratio and sludge volume index for various 
levels of aeration liquor suspended solids concentration. 
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possible to plot the curves shown in 
Figure 4. 

An inspection of Figure 2 makes it 
apparent that it is most desirable to 
maintain the suspended solids in the 
aeration liquor at a high level in order 
to minimize the rate of change of the 
sludge volume index. However, from 
Figure 4 it is evident that the level of 
the aeration liquor suspended solids 
concentration must be relatively low 
because of the limited pumping facili- 
ties provided in most activated sludge 
plants. Thus, if / increases to a value 
that required more return sludge pump- 
ing capacity than is available in a plant, 
the aeration tank suspended solids must 
be reduced in order to keep the sludge 
from filling the final settling tanks and 
finally flowing out with the final efflu- 
ent. This leads to the condition of 
varying the suspended solids to keep 
the return sludge ratio, v, within the 
limits provided by the plant. It is 
necessary, therefore, te study the effect 
of the new situation on the rate of 
change of the sludge volume index with 
time, 


Sludge Volume Index- Time Relation- 
ship with Constant Sludge 
Volume in System 


In order to develop the expression 
relating the sludge volume index and 
time, it is assumed that a constant 
volume of sludge is maintained in the 
activated sludge system if this sludge 
should be allowed to settle at any time 
for a period of 30 min. Thus, the 
amount of suspended solids in the sys- 


ACTIVATED SLUDGE 
SYSTEM | 
Z= AER, TK, VOLUME -MCF 
@=AER, LIQUOR SOLIDS-pp” 
v=RET. SLUDGE RATIO 


FIGURE 5.--Rate of change of sludge vol- 
ume index in activated sludge system in which 
the settled volume of sludge is kept at a con- 
stant level. 
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tem times the sludge volume index is 
equal to a constant. This leads to the 
condition shown in Figure 5, and to the 
differential equation: 

_, da 


dt 


By substituting the value of J from 
Iq. 4, transposing, and simplifying, 

la B —I,a( ’) 

da _ a +1 

dt 62.5 Z 10° v j 

from which is obtained the differen- 
tial equation 

da B 
= ——— di 
62.52 
108 
Integration of this expression and sub- 
stitution of Eq. 4 in the result, followed 
by the processes of simplifying, trans- 
posing, and solving for 7, gives 


1 — Koe 162 5Z v) 


When ¢ = 0, J = Io. Therefore, 


and 


l e 106 62.52 

In order to make this rather clumsy 
expression useful, the following assumed 
values will be used to plot the relation- 
ship shown in Figure 6. 

The values of B, Jo, and Z are those 
assumed for Figure 2. In addition, 


— 


rv = 0.25. The expression then becomes 
I, 
+ _ 1 | 10.000 
Io 


The values chosen for J, are well 
within the limits of those encountered 
in plant operation. Using data ob- 
tained from the Peoria, Ill. activated 
sludge plant during 10 randomly chosen 
periods of sharply increasing sludge 
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volume index, values of J, were com- 
puted. Of the 10 values, five were 
between 400 and 1,000, three were be- 
tween 1,000 and 2,000, and two were 
greater than 2,000. 

The situation shown in Figure 6 and 
by Eq. 5 implies a constant return 
sludge ratio and a waste activated 
sludge rate of flow such that the rela- 
tionship of Eq. 4 is maintained. 

Figure 7 shows the rate of change of 
sludge volume index under the two 
conditions of constant sludge solids and 
constant sludge volume in the system 
for a value of J, = 500. The condition 
for constant sludge solids of levels corre- 
sponding to aeration liquor suspended 
solids of 1,000 and 3,000 p.p.m. is indi- 
cated. Note the desirability of the 
high aeration liquor suspended solids. 
This feature is also indicated in the 
early period of the constant sludge 


1000 
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volume curve, where the aeration solids 


are high. The rate of increase is lower 


between O and 10 hr. than between 10 
and 20 hr. because of the lower solids 
concentration during the second period 
than during the first period. 


Waste Activated Sludge Flow -Sludge 
Density Relationship 


The basic the 
sludge volume index (Eqs. 2 and 5) 
require definite Waste 
activated sludge for the maintenance 
of the assumed constant sludge solids 
and volume. For constant sludge solids 
the rate of wasting activated sludge is 
derived by relating the rate of solids 
formed in the system to the product of 
the rate of wasting sludge and the con- 
centration at which sludge is wasted. 
Thus, 


equations for 


conditions of 
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FIGURE 6. 


Rate of change of sludge volume index for varying levels of the sludge 


volume index of the activated sludge formed. 
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FIGURE 7.-Comparison of sludge volume index —time relationship with system at con- 
stant settled sludge volume and at two levels of constant aeration liquor suspended solids 


concentration. 


By solving for W and substituting Eq. 
3, this becomes 


= —— 
10° 

In like manner, it can be shown that 
under the condition of constant sludge 
volume 


SOT, 
W = 108 

Figure 8 indicates the rate of change 
of W with / for the assumed values of 
S = 1 and 6 = 150. In order to keep 
the suspended solids in the aeration 
tanks at a constant level, it is necessary 
to have a considerable pumping facility 
for wasting sludge from the system. 
If this sludge is wasted to primary 
settling tanks or sludge concentration 


tanks, and thence to digesters, a new 
and interesting situation arises. 


Separate Sludge Digestion — Activated 
Sludge Density Relationship 


From the typical separate sludge 
digestion flow diagram shown in Figure 
9 the relationship between the primary 
settling tank sludge (rate of flow P and 
solids concentration p), waste digested 
sludge (volume D and solids concen- 
tration ¢@), and digester liquor (volume 
L and solids concentration m) can be 
established. The terms F and B are 
the rates of fresh solids removed, in 
lb./hr., and of activated sludge wasted, 
in Ib./hr., respectively. Thus, 


84P p= (F+B)+84ALm 
Also, 
8.4 Dd = (1 — K"”)(F + B) 
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Relationship between waste activated sludge rate of flow and sludge volume 


FIGURE 8. 
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S00 


index for the assumed values of sewage flow of 1 mg. per hr. with suspended solids formed as 
activated sludge having a concentration of 150 p.p.m. 


in which A” is the reduction in total 
solids brought about by digestion. In 
the activated sludge-separate sludge 
digestion process this factor is in the 
order of 0.35 and this value of K”’ is 
used herein. Thus, 


8.4 Dd = 0.65 (F + B) 


In addition, 
P= p 


By the use of these equations the 
expression for the rate of flow of pri- 
mary settling tank sludge 


F+B 0.65 m 
P = 7) 


p 
is obtained. This is the equation 
of a hyperbola in which the primary 
settling tank sludge rate of flow, P, 
approaches infinity as the solids con- 


centration of the digester liquor, m, 
approaches the solids concentration of 
the primary settling tank sludge, p. 

Figure 10 shows the variation of the 
rate of flow of primary settling tank 
sludge, P, with the solids concentration 
of digester liquor, m, for three levels of 
primary tank sludge concentration, p. 
For purposes of constructing these 
curves it has been assumed that F = B 

- 8.34 Sb, where S = 1 and b = 150, 
and that the concentration of the waste 
digested sludge is 4.0 per cent. 

It is well known that as the sludge 
volume index of the activated sludge 
increases, the concentration of the pri- 
mary settling tank sludge decreases. 
Figure 10 indicates that if the system 
were in balance while pumping 3.5 per 
cent solids concentration primary set- 
tling tank sludge with a digester liquor 
solids concentration of 2.0 per cent, and 


= 4 — 
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Is = 390 | 
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PRIMARY 
SETTLING 
TANKS 


FIGURE 9.--Relationship of primary settling 
tank sludge rate of flow (/’), and the concen- 
tration of solids in the waste digested sludge 
(d) digester liquor (m) and primary tank 
sludge (p). 


a change in sludge index of the waste 
activated sludge reduced the primary 
settling tank sludge solids concentra- 
tion to 2.5 per cent, the rate of flow of 
primary settling tank sludge will more 
than double. If this is not promptly 
accomplished, the sludge level in the 
primary settling tanks will increase and 
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the sludge will ultimately leave the 
tanks with the primary effluent. This 
condition will require an increase in 
the waste activated sludge, which will 
further add to the load on the primary 
settling tanks. Thus, there is estab- 
lished a vicious cycle that cannot 
be remedied without losing activated 
sludge in the final effluent, or wasting 
activated sludge to a lagoon or tank 
capable of storing the large volume 
required. 


Summary 


This paper attempts to establish the 
quantitative relationships between the 
physical variables of the activated 
sludge process. It sets forth in mathe- 
matical form the equations relating the 
sludge volume index and the rates of 
flow in various parts of the process. It 


SLUDGE FLOW 


7 ote 


PRIMARY 


0.5 1.0 


1.5 2.0 


DIGESTER LIQUOR 


PER CENT — 


SUSPENDED SOLIDS 


FIGURE 10. - Rate of flow of primary settling tank sludge, and digester liquor solids con- 


centration, for three concentrations of primary tank sludge. 
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establishes the desirability of maintain- 
ing aeration tank solids at a high level 
and points out the difficulties that arise 
beeause of limited return sludge and 
waste activated sludge pumping facili- 
ties. In addition, it suggests the diffi- 
cult problem brought about by the 
returning of digester liquor to the 
primary settling tanks or sludge con- 
centration tanks during periods of high 
sludge volume index activated sludge, 
particularly if this condition is accom- 
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panied by high solids concentration in 
the digester overflow. 
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QUANTITATIVE RELATIONSHIPS IN THE ACTIVATED 
SLUDGE PROCESS—A DISCUSSION 


By Earnest 


Chairman, Departinent of Civil Enainecrina, 


Mr. Kraus has presented an interest- 
ing mathematical analysis of some of 
the variables that require control for 
the successful operation of the activated 
sludge process. The design and opera- 
tion of a biological process that must 
operate under conditions of varying 
organic loading requires that there be 
a careful integration of all the variable 
Mr. Kraus summarized 
the basic problem of this process when 


factors. has 
he observes that ‘‘activated sludge may 
be thought of as a continuously chang- 
ing biological medium in which differ- 
ent groups of organisms are increasing 
and decreasing in activity due to the 
Varying nutrients in the wastes being 
purified and to varying environmental 
conditions. 

If this be simplified 
through the development of known re- 
lationships that 
measure the effectiveness of the process, 


problem ean 


between — variables 


then the resulting eurves should prove 


very useful in plant design and opera 


Boyce 

of Michigan, Ann Arbor, Mich. 
tion. The problem of sludge volume 
change has been the subject of much 
research, and many theories have been 
with 
and effect relationships. 


advanced regard to basic cause 

The sueceess of the process depends 
on the continuous return from the 
final sedimentation tanks to the aera- 
tion sufficient amount of 


biologically activated sludge to biologi- 


tanks of a 


cally adsorb the organie portion of the 
this to be accom- 
plished within the aeration contaet time 


sewage being added 


and under the conditions existing in 
the aeration tank. 

When variations occur in the density 
of the returned sludge there must. be 
a corresponding variation in the return 
sludge pumping rate if the concentra- 
tion of tank 
maintained. If sludge density varia- 
tions are normal in a that is 
biologically then design data 
and operational controls must provide 


aeration solids is to be 


sludge 


active, 


sufficient flexibility for extreme con- 


ay 

: 

i 

2 

: 
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ditions. If these variations represent 
an abnormal sludge condition, research 
and design interest should be directed 
toward insuring the production of a 
sludge of minimum density variation. 

A sewage treatment plant will fune- 
tion successfully only when the design 
provides for biological workshops that 
insure at all times the proper working 
conditions for the biological life on 
which the process depends. Conversely, 
if the working environment is not uni- 
formly satisfactory, the ability of the 
biological process to effect a satisfactory 
removal of organic material from sew- 
age at times will be reduced, and may 
even fail. 

It is suggested that the sudden bulk- 
ing of activated sludge may result from 
a failure to evaluate properly all the 
factors and to provide the reserve bio- 
logical workshop facilities to meet the 
unusual condition. It is suggested, 
also, that bulking of sludge is a phe- 
nomenon closely related to the slough- 
ing of the biological film of a trickling 
filter, in that both conditions represent 
a breakdown in the workshop condi- 
tions necessary for the effective opera- 
tion of the biological oxidation process. 
There is much to support the theory 
that trickling filter film is lost when 
the oxygen supply to the film surface 
is not sufficient to insure oxygen pene- 
tration to the base of the film and that 
the sloughing of the film results from 
the development of anaerobic biologic 
life at the base or rock contact surface 
of the film. There may be equally 
sound biological reasons for changes 
in the settling characteristics or in the 
sludge density index of activated 
sludge, as well as for the belief that 
successful operation of the process is 
dependent on maintaining satisfac- 
tory biological working environment, 
despite the necessary variation in. or- 
ganic loadings that must be quickly 
adsorbed, and more slowly utilized for 
biological food or wasted from the sys- 
tem with the excess sludge. 

Activated sludge must contain with- 


RELATIONSHIPS IN ACTIVATED SLUDGE PROCESS 


623 


in the sludge particles biologically bal- 
anced colonies of living organisms 
capable of removing from the incoming 
sewage in the aeration tank organic 
matter in solution and fine suspension. 
The sludge particle must possess the 
capacity not only to adsorb the bio- 
logically oxidizable organic matter, but 
also to retain temporarily this material 
in its zoogloeal mass as a stored source 
of food for the slower biological as- 
similation—or, as commonly phrased, 
to oxidize it. Biologically, unicellular 
microscopic life adsorbs its food supply 
into the cell for the support of its life 
process only after the food substance 
has been chemically changed and liqui- 
fied by the digestive enzymes exuded 
from the cell. Also, each individual 
cell has a definite and fixed capacity to 
utilize organic food. It follows, there- 
fore, that there must be a certain time 
lag between adsorption and biological 
oxidation of the organie matter re- 
moved by the sludge particle—time re- 
quired for the multiplication of the 
cells required to utilize the collected 
food. Because the process is aerobic, 
this biological life is dependent on a 
source of oxygen outside its food sub- 
stance. Therefore, the water surround- 
ing the sludge particle must have dis- 
solved in it a sufficient amount of oxy- 
gen to supply this demand. If all 
sludge particles were to be continuously 
surrounded with water with suffi- 
ciently high oxygen pressure to insure 
that the oxygen would diffuse through 
the particles, it would be reasonable 
to assume that those biologically bal- 
anced colonies of living aerobie organ- 
isms would function normally. Con- 
sequently, as a result of their life 
process, the biologically oxidizable food 
would be removed from the sewage. 
If the oxygen should fail to penetrate 
to all portions of the interior of the 
sludge particle, conditions would be 
favorable for the development of those 
forms of biological life that are able 
to obtain their necessary oxygen supply 


from the food substance, and 
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dentally to release the gaseous by- 
products of their metabolism. When 
a dense activated sludge particle ex- 
pands there is a change in the surface 
area-mass relationship. The particles 
appear discrete par- 
ticles that are less settleable because 
of this in the surface area- 
mass ratio, or they may have a de- 
creased density due to the expanded 
In either case, the par- 
ticles settle more slowly and evidence 
the characteristics of bulking. 

Because the phenomenon of bulking 
in plants treating domestic sewage, 
Without the interfering effects of in- 
dustrial wastes, occurs more frequently 
under conditions of recognized exces- 
sive loading than under conditions of 
underloading, it appears logical to con- 
clude that vital factor in the 
biological workshop fails under condi- 
tions of overload. Under conditions 
of excessive loading one of the essentia! 
conditions for biological activity—the 


may as smaller 


increase 


sludge mass. 


some 


source of a useable food supply—is 
present in excess. The capacity of this 


mass (activated sludge) to adsorb bio- 
logically this organic food loading is 
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fundamentally dependent on the meta- 
bolic activity of the organisms in the 
sludge, a factor that is not necessarily 
measured in terms of weight or volume 
of the sludge (1). The biological ad- 
sorptive capacity of the sludge re- 
turned to the aeration tank is prob- 
ably more nearly measured in terms of 
the settleability, or of the sludge in- 
dex, than in terms of the weight re- 
turned. The sludge index therefore 
appears to measure sludge vitality 

a factor of that is 
probably more important than den- 
sity alone. 

Despite the amount of research 
work that has been conducted in the 
study of the biological factors in the 
activated sludge process, there is still 
need for continued study. The litera- 
ture suggests that there is still con- 
fusion with regard to cause and effeet 
relationships. It is difficult to estab 
lish the primary causes and the see- 


sludge behavior 


ondary effects when the changes are 
produced by so complicated a process. 
Mr. Kraus has made an interesting 
contribution to the researeh literature 
in this field. 
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The efficiency of activated sludge 
plants may be considered to be the 
relation of the removal of pollutional 
matter to the plant resources used to 
produce the result. This might also 
be designated as the plant performance. 
Satisfactory reduction in B.O.D. in- 
cludes, in general, a reasonable reduc- 
tion in suspended solids. Accordingly, 
3.0.D. removals may be used as an 
important single basic indicator of ae- 
tivated sludge sewage treatment plant 
performance. 

However, inefficient removal of sus- 
pended solids by the final settling tanks 
adds an influential factor which ean- 
not be evaluated by B.O.D. loadings, 
detention periods, mixed liquor concen- 
trations, air quantities, or other factors 
related only to the aeration tanks. 
Nevertheless, despite the fact that the 
present B.O.D. test is a crude indi- 
cator in need of improvement, the rou- 
tine analytical data based on this test 
from operating plants appear to be 
the best presently available basic in- 
formation for the study of activated 
sludge plant results. 


Plant Scale Investigations 


An investigation of operating data 
from aetivated sludge plants was initi- 
ated in the fall of 1946. Through the 


courtesy of plant superintendents, 
chemists, and designing engineers 


many data have been assembled from 
a number of representative municipal 
plants. During 1946-47 Berberich 
(1) made an initial study of data from 
27 plants. During 1947-48 Samuel 


* Presented at the Twenty-first Annual 


Meeting, Federation of Sewage Works Assns. ; 
Detroit, Mich.; Oct., 1948. 
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(2) continued the investigation, using 
monthly average data from 15 plants. 
An expansion of the earlier studies has 
been summarized recently by Stanley 
and Berberich (3) based on operating 
data from 31 plants. This discussion 
is based on yearly average data from 
26 plants. 

Much basic knowledge has resulted 
over the past 10 or more years from 
extensive plant scale investigations at 
Chicago, New York, Milwaukee, Indi- 
anapolis, and elsewhere, each investiga- 
tion being related primarily to the spe- 
cifie and peculiar local conditions. 
Several individual plant operators 
have published excellent analyses of 
the operation of their particular plants. 

There are on record few studies 
based on combined operating results 
from any extended number of plants. 
An A.P.J1.A. Committee report (4) 
published in 1942 was one of the 
earliest efforts to relate B.O.D.  re- 
movals from several plants in differ- 
ent cities to detention periods and to air 
quantities. Data from nine relatively 
large plants were used. 

A National Research Council report 
(5) includes an excellent analysis of 
operating data from five activated 
sludge plants at military installations 
and proposes a measurement of per- 
formance based on per cent B.O.D. re- 
movals related to a composite loading 
unit of pounds B.O.D. per 1,000 Ib. of 
suspended solids in the aeration tank 
per hour of aeration. 


Over-all Plant Performance 


The activated sludge process is ca- 
pable of producing a relatively high 
degree of sewage treatment in terms of 
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B.O.D. and suspended solids removals. 
Illustrative data averaged over periods 
of 1 to 5 yr. from 26 plants in 23 cities 
(Tables I and II) indieate over-all pol- 
lutional matter removals as high as 95 
per cent. These are standard activated 
sludge process plants. The numbers 
of plants for various ranges of operat- 
ing results have been as follows: 


Number of Plants 
Suspended 
B.O.D. Solids 


Magnitude of Removal* 
Up to 95 per cent...... 
Above 92 per cent. 

Above 90 per cent 


Between 87 and 90 per cent 
Total plants. . . 


* Over-all plant performance 


Thus, averaged over periods of 1 to 
5 years, about 69 per cent of the num- 
ber of plants produced better than 92 
per cent B.O.D. removal, and 88 per 
cent of the number removed more than 
90 per cent of B.O.D. and suspended 
solids, from the sewage treated by the 
26 plants. Results for each plant 
varied considerably from month to 
month during the periods of record. 

It is not entirely correct to separate 
the performance of primary sedimenta- 
tion units from the performance of 
aeration and final sedimentation tanks, 
but doing so simplifies the investiga- 
tional problem. On this basis the op- 
erating results of the 26 plants show 
nurbers of plants with various ranges 
in performance, based on B.O.D. and 
suspended solids removals, in terms of 
concentrations in the sewage applied 
to the aeration tanks, as follows: 


Number of Plants 
Suspended 


Magnitude of Removal* BOD. Solids 


Up to 95 per cent 

Above 92 per cent. 

Above 90 per cent. af 
Between 83 and 90 per cent. 
Below 83 per cent. . . 


Total plants. . . 


* Based on settled sewage. 
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These data show a wider spread in 
the range of results for performance 
of the aeration and final tanks than do 
the over-all plant results. Some part 
of this may be due to variations in type, 
size, and effectiveness of the primary 
sedimentation (or sereening at Mil- 
waukee, Wis.). Also, the settling effi- 
ciency of the final tanks has an effect. 
In general, other factors appear to be 
more influential. 


Removals by Primary Settling 
Tanks 
The results of primary settling tank 
operation vary considerably, in part 
due to design factors (such as deten- 
tion periods, overflow rates, and ve- 
locity-current regulation). However, 


a more important factor is the practice, 
in many plants, of wasting the excess 
activated sludge, and the disposal of 
digestion tank supernatant liquor into 
the primary tanks. 

The raw sewage analyses do not in- 
clude the pollutional matter supplied 


from the excess sludge and the digester 
supernatant. Thus, the actual per- 
formance of the primary tanks is un- 
known. In certain cases, as at Hagers- 
town, Md. (Table I), the primary tank 
effluent contains more pollutional mat- 
ter than the raw sewage. Available 
data (Table 1) show primary settling 
tank removals ranging from 12 to 48 
per cent of the B.O.D. and from 31 to 
71 per cent of the suspended solids. 

Some plants, such as the two Mil- 
waukee plants, have only fine screens 
in place of sedimentation. Other plants 
(such as the Chicago, Ill., North Side 
and Calumet plants), have very short 
detention These conditions 
surely affect the performance of the 
aeration and final tanks. 

Performance of primary tanks and 
the aeration-final tanks undoubtedly is 
closely interrelated. However, more 
complete analytical data, particularly 
analysis of the composite sewage, in- 
cluding wasted sludge and digester 
overflow, would be needed to determine 
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closely the relative influence of the 
two plant subdivisions. It is suggested 
that plant operators give attention to 
und record the actual performance of 
the primary settling tanks (or screens), 
in order that more complete knowledge 
may be available to explain variations 
in plant performance. 


Outline of Factors 

Influential factors may be placed 
loosely into three groups: (1) Factors 
generally beyond the control of the 
plant designer or operator; (2) Fae- 
tors partially controlled by the plant 
designer; and (3) Factors partially 
within the control of the plant operator. 
It would be audacious to attempt to 
cover herein all factors affecting acti- 
vated sludge plant performance. <Ac- 
cordingly, only a few factors closely 
related to plant design are emphasized. 

Roughly, in order of relative influ- 
ence, the factors to which the plant 
designer might give attention include: 

1. Sewage quantity variations; that 
is, rates of flow and pollutional matter 
concentrations ; 

2. Type or character of pollutional 
matter ; 

3. B.O.D. loading per unit volume of 
aeration tanks (pounds applied per 
1,000 ¢.f.) ; 

4. Aeration contact period (hours) ; 

5. Suspended solids concentration in 
the aeration tanks (mixed liquor) ; 

6. Air supply quantities; and 

7. Other important factors, such as 
the character and quantity of returned 
activated sludge, the sedimentation 
efficiency, the temperature, and the 
amount and degree of nitrification. 


Sewage Quantity Variations 


Large or sudden increases in rates 
of flow or in concentration of pollu- 
tional matter long have been consid- 
ered detrimental factors in the opera- 
tion of activated sludge plants. 
Designers have attempted to guard 
against these by rather unsatisfactory 
empirical and arbitrary procedures, 
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such as providing capacities for maxi- 
mum rates of flow not more than 11, 
times the average basis of design flow 
(8), with greater flows by-passed 
around the plant. 

Thus, at Leominster, Mass., sewage 
flows in excess of 4.0 m.g.d. are by- 
passed directly to the river. At Ann 
Arbor, Mich., flows in excess of 8.0 
m.g.d. are by-passed. 

Some experiences at Syracuse, N. Y., 
and Ann Arbor may be reasonably 
typical to illustrate the effects of sew- 
age flow variations. 

Weekly average data published by 
Mann (6) for the Ley Creek plant at 
Syracuse (Figure 1) illustrate the ef- 
fect of quantity variations averaged 
over time periods of a week in length. 
During a period of 24 weeks—Novem- 
ber 5, 1944, to April 28, 1945—with 
plain aeration, a doubling of the 
weekly average daily rate of sewage 
flow resulted in a 35 per cent less re- 
moval of B.O.D., while the B.O.D. 
concentration dropped to about 50 
p.p.m. as compared to 172 p.p.m. aver- 
age for the 24 weeks. Similar results 
occurred during the 12-week period 
March 4 to May 20, 1946, with acti- 
vated sludge operation (Figure 1) 
when the B.O.D. pollutional matter 
percentage removal values increased 
about 18 per cent (82 to 97 per cent) 
while the rate of flow reduced by about 
37 per cent (6.59 m.g.d. to 4.14 m.g.d.) 
and the B.O.D. concentration 
from 37 p.p.m. to 313 p.p.m. 

At Ann Arbor, Witcher has reported 
(7) effects of hourly variations in flows 
and B.O.D. concentration. During 
1947, hourly rates were greater than 
8.0 m.g.d. for 9 hr. during the average 
day. This was the maximum rate of 
flow taken through the plant. Thus, 
the by-pass sewer was in frequent op- 
eration. Hourly B.O.D. ranged from 
a minimum of 50 p.p.m. to a maximum 
of 610 p.p.m. He states: 

“Peak flows are of utmost importance in 
activated sludge treatment as far as the 
settling rate of sludge is concerned. 
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maintain a fast 
settling sludge at all times sinee our final 


it has been necessary to 
settling time is only about an hour theo 
Actually the time is much less 


than this since at high rates (of flow) short- 


retically. 


circuiting becomes ageravated.” 


Although changes in rates of flow or 
amounts of pollutional matter averaged 
over short periods of time show sub- 
stantial influence on plant. efficiency, 
sometimes results averaged over longer 
time periods do not show the same 
influence. Thus, 1945 data for Cleve- 
land, Ohio averaged over monthly pe- 
riods seem to show influences of other 
factors than quantity variations. Per- 
haps temperature or some other fae- 
influential. Although 
monthly average flow rates increased 
from $4 m.g.d. during 
February to 108 m.g.d. during June 
and the sewage strength remained sub- 
stantially the same, B.O.D. removals 


tors are more 


January and 
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increased from S38 up to 98 per cent. 

This factor of variations undoubt- 
edly is a most important one. Exact 
quantitative determination of the di- 
rect effect of sewage variations may 
result when methods are devised to 
measure more closely the character of 
pollutional matters and the interrela- 
tion of the various influential factors. 
However, it controlled by 
storage or recycling larger quantities 


must be 
of sewage or sludge. 


Character of Pollutional Matter 

A comparison of the performance 
of two groups of plants is given by 
Table LIL. One group of 10 plants 
treating mainly domestic sewage shows 
3.O.D. removals through aeration and 
final tank above 90 per cent, with an 
average for all 10 plants of 92.5 per 
cent. The second group of 7 plants 
treating sewage with larger quantities 
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FIGURE 1.—Effect of flow and B.O.D. quantity variations at Syracuse, N. Y. 
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TABLE III. Comparison of B.O.D. Removals by Plants Treating Domestic Sewage 
and Plants Treating Industrial Wastes 


B.O.D. Appl. to Aer. Tanks 


Plant Year of Data 


B.O.D. Removal 


Over-all? 


a) Plants Treating Mainly Domestic Sewage 


Ann Arbor 1947 169 
Baltimore 1945 217 
Chicago 

So. West 1046 120 

No. Side 1946 97 
Fort Wayne IN41 46 161 
Hammond 1942-46 135 
Jackson, Mich. 1942 46 118 
Marion 1942-45 134 
Richmond, Ind. 1942 46 113 
‘Two Rivers 1946 114 


Unweighted Average 


(b) Plants Treating Substantial Amounts of Organic Industrial Wastes 


Austin 1044 150 
Decatur 1946 157 
Madison, Wis. 1947 157 
Marshalltown 1943-46 177 
Omaha 1946 128 
San Antonio 1945-46 120 
Syracuse 1947 236 


Unweighted Average 


! Based on settled sewage. 
2? Based on raw sewage. 


of industrial wastes has an average of 
83.1 per cent B.O.D. removal. 

Chemical constituents of sewage ma- 
terially affect plant performance under 
certain conditions. For example, at 
Cranston, R. the high content of 
brewery wastes has virtually put the 
activated sludge plant out of operation. 
Some research on the effeet of various 
chemicals has been reported, but more 
is needed before definite evidence will 
be available. 

Nitrogen appears to be influential 
in plants treating domestic sewage, 
mainly by producing higher B.O.D. 
values in plant effluents due to nitrify- 
ing organisms in B.O.D. test bottles 
when active nitrification is taking place 


23S S4.8 
30.3 87.2 
26.2 77.1 
28.6 79.2 
15.7 80.5 
25.0 

41.5 


in the sewage treatment plants. Mohl- 
man (9) first called attention to the 
effect of nitrification on plant perform- 
ance. Sawyer and Bradney (10) and 
Hurwitz ef al. (11) have suggested two 
different modifications of the B.O.D. 
laboratory technique to avoid  nitrifi- 
cation in the B.O.D. bottles during 
incubation. Ilurwitz ef al. (11) pre- 
sented data showing lower values of 
effluent residual B.O.D. ranging from 
about 4 to 75 per cent, averaging 31.5 
per cent, for Chicago sewage plant 
effluent by the acid modified laboratory 
technique compared to the standard 
procedure. Kraus (12) tried 
modified B.O.D. tests, his earlier results 
showing residual B.O.D. values 20 to 


| 
E 
| 
17.1 92.3 93.6 
28.8 43.6 
21.0 91.5 93.6 6 
22.2 94.7 
26.0 92.6 
19.8 9L.5 93.5 
: 26.3 94.9 95.8 
35.3 90.5 93.4 
24.1 04.7 95.7 
13.7 90.9 93.9 : 
92.5 41 : 
| 92.1 
W.7 
84.3 
89.0 
91.6 
92.5 

91.0 

83.1 ).2 
= 
= 
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30 per cent lower than standard re- 
sults. Hatfield (13) has tried both 
the acid and the pasteurization modifi- 
cations of the B.O.D. laboratory tech- 
nique, finding a reduction in residual 
B.O.D. values, by either method com- 
pared to the standard B.O.D. test, of 
40 to 50 per cent during January and 
an average of about 17 per cent during 
July. 

Witcher (14) has tried the acidified 
B.O.D. method during 1948, finding 
the B.O.D. results in line with 
pended solids results regardless of the 
degree nitrification of the plant 
effluent. His earlier results appear to 
be about 50 per cent lower than by the 
standard .0.D. procedure. 

A limited number of data, reported 
by a few plants, showing effluent ni- 
to B.O.D. 


SUS- 


ot 


trates compared removals 
Table IV) shows some tendency to- 
ward higher B.O.D. removals” with 
lower values of nitrates in plant efflu- 
ents. 

Definite evidence has not 


vet been 
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obtained on the basis of data averaged 
over periods of one or more years. Ad- 
ditional study will be required, prob- 
ably using data averaged over shorter 
periods of time in order that tempera- 
ture and other seasonal influences may 
be properly considered. 


B.O.D. Loadings 


Obviously some relation must exist 
between plant loading and plant per- 
formance, but a proper loading factor 
has not yet been standardized. Rates 
of flow and detention periods have been 
used for many years. Recently. B.O.D, 
loadings have been proposed in terms 
of pounds per 24 hr. per 1,000 ecu. ft. 
of aeration tank volume. 

Greeley (15) suggested 30 Ib. per 
1,000 cu. ft. Re- 
cent studies (3) of data from 27 plants 
to indicate this to be over- 
simplification, but Greeley’s factor 
seems to be a reasonably conservative 
of with higher loading 
allowance likely if all influential fae- 


as a basis of design. 


seem an 


basis design 


TABLE IV.—Comparison of B.O.D. Removal and Nitrates in Plant Effluents 


Settled Sewage 


B.O.D 


1944 46 
1047 
1044 


Ann Arbor, Mich 


Austin, Tex 
Chicago, Ill 
West 
No. Side 
Calumet 
-veland, (). 


Il 


So 1946 
1046 
1046 

1040-45 
146 
1947 

1942-46 
1046 

1942-46 
1046 
1947 


rcatur, 
ummond, Ind 


Jackson, Mich 


Madison, Wis 
Milwaukee, Wis. 
West Plant 
East Plant 

Pasadena, Cal 


Peoria, Ill 


San Antonio 


Springfield, 


1045 

1045 
1045-46 
1942-46 

1945-46 


142 


B.O 
Removal 


2 

: 

| Plant Effluent (p.p.t 
Plant Year | 

) 

169 13 1.7 92.3 

a 150 23 14 84.8 

129 11 0.9 

a 6 0.4 93 

a2 12 3.4 86 

160 12 0.7 92 

135 12 1.5 

170 4 5.7 | 

107 1 0.0 96. 

157 6 15 77. 

332 18 1.6 94.6 

332 17 1.1 O48 

165 16 2.0 90.5 

224) 22 24 90.5 

244 18 3.1 92.8 

120 17 0.1 86.8 

| 
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TABLE V.--B.O.D. Removals by Aeration and Final Tanks Related to 


Plant 


Location? Year 


1947 
1945 
1945 
1947 
1041-47 
1946 
1946 
1946 
1947 
1946 
1946-47 
1946 
1946 
1945-46 
1942 


Ann Arbor 
Austin 
Cieveland 
Decatur 

Ft. Wayne 
Gary 
Hammond 
Jackson 
Madison’ 
Marion 10 
Muncie 11 
Omaha® 12 
Peoria‘ 13 
San Antonio® 14 
Springfield 15 
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Time of Record | 
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B.O.D. Loadings ! 


B.O.D. in Aer.-Fin. Tks. 


Loading Removal 


Length Ib. 1,000 ¢.f.) (%) 


92.3 
91.8 
92.7 
92.2 
90.3 
9L8 
96.2 
77.0 
92.5 
90.4 
82.4 
92.8 
86.8 
90.6 


1 yr. 47.8 
6 mo. 
7 mo. 

10 mo. 
7 yr. 
6 mo. 
1 yr. 
1 yr. 
1 yr. 

10 mo. 
8 mo. 

11 mo. 
1 yr. 
2 yr. 

10 mo. 


' Based on monthly averages and omitting months of disturbed operation. 


2 See Table I. 


’ Large amounts of packinghouse wastes included. 


‘ Special loading studies. 


tors were satisfactorily integrated. 
Short-time loadings up to about 80 Ib. 
per 1,000 cu. ft. of aeration tank vol- 
ume have been used at Peoria and 
Decatur, Ill., with no apparent redue- 
tion in pereentage B.O.D. removals. 
Torpey (16) has reported B.O.D. load- 
ings at the Bowery Bay plant (New 
York City) up to 84 Ib. per 1,000 cu. 
ft., with 90 per cent B.O.D. removals. 
Other data published by Greeley (17) 
from plants with less concentrated sew- 
age indicate a decided dropping off in 
B.O.D. percentage removals for B.O.D. 
loadings above 30 Ib. per 24 hr. per 
1,000 cu. ft. of aeration tanks. 

Samuel (2) has carefully studied 
monthly data from 15 activated sludge 
plants (Table V), using selected data 
for a number of months during which 
there was no evidence of plant upsets 
due to special difficulties. The B.O.D. 
removals averaged over periods rang- 
ing from 6 months to 7 years, plotted 
against B.O.D. loading in pounds per 
24 hr. per 1,000 cu. ft. of aeration 
tank volume (Figure 2) show no 
trend toward a_ lesser percentage 


B.O.D. removal with B.O.D. loadings 
ranging from 15 to 50 Ib. per day. 
Three plants (Madison, Wis., 9; 
Omaha, Nebr., 12; and San Antonio, 
Tex.; 14) show substantially lower 
B.O.D. removal than the other 12 
plants. This has been attributed to 
the packinghouse wastes in these three 
plants. 

These selected data and other simi- 
lar data recently published (3) for a 
larger number of plants indicates that, 
in addition to B.O.D. loadings, other 
influential factors must be included. 


Aeration Contact Period 


No exact method has been devised 
to measure accurately the average time 
sewage is in contact with activated 
sludge, in the presence of ample dis- 
solved oxygen in the aeration tanks. 
Therefore, an index number, desig- 
nating the aeration period in hours, is 
computed by dividing the aeration tank 
volume by the average hourly flow of 
mixed liquors. This aeration period is 
only an approximate index of the ac- 
tual aeration contact time. 
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Peoria Studies I & II, Avg. \ 


1810) 1 


Percent 


Removal - 


@ 


B.O.D. 


For plant numbers, 
see Table V 


RELATION OF B.0.D. LOADING 


AND B.0.D. REMOVALS 
i 4 


10 20 30 


Aeration Tank Loading - 


40 50 60 
lds B.0.D./1000 cft 


FIGURE 2.—Relation of B.O.D. loading and B.O.D. removals. 


A direct comparison between plant 
performance, in terms of vearly aver- 
per cent removal of B.O.D., and 
aeration hours } 


age 
Figure 3) indicates a 
tendency toward lower efficiencies for 


aeration periods shorter than 4 or 5 
hr. This is indicated more definitely 


400 


by the upper dashed line based on data 
from Syracuse, N. Y. (21). However, 
with mixed liquor suspended matter 
concentrations greater than 1,500 
p.p.m. there appears little improve- 
ment in B.O.D. removals for aera- 
tion periods greater than 5 hr. Plain 
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FIGURE 3.—Relation of aeration contact period and B.O.D. removal. 
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aeration operation at Syracuse (6) 
showed a definite reduction in percent- 
age removal of B.O.D. for aeration 
periods less than 7 or 8 hr. 
tering of the plotted points (Figure 
3) indicates that other factors must be 
involved along with aeration period to 
influence the efficiency of activated 
sewage treatment. 


Suspended Solids Concentration in 
Aeration Tank 


The concentration of activated 
sludge in the aeration tank 
mixed liquor definitely affects plant 
efficiency (Figure 4). The influence on 
B.O.D. removals not increase 
ereatly for suspended solids concentra- 
tions above 1,500 p.p.m. Doubling the 
suspended solids concentration (1,500 
to 3,000 p.p.m.) appears to increase 
the percentage B.O.D. removal from 
$1 to 95 per cent. However, the sus- 
pended matter concentration appears 
to be more influential for concentra- 
tions less than 1,500 p.p.m., particu- 
larly if plain aeration and modified 
aeration data are included. 

A number of data (Table VI) on 
mixed liquor concentrations and B.O.D. 
removals have been selected for plants 
and time periods when known upset- 
ting influences were at a minimum. In 
this tabulation have been collected also 
published data on operation with low 
concentrations of suspended solids in 
aeration tanks. These latter data indi- 
cate a very definite logarithmic rela- 
tionship between aeration tank solids 
and plant efficiency. Two straight 


solids 


does 


The seat-- 
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‘best fit’’ lines intersecting at a sus- 
pended solids concentration of 1,500 
p.p.m. graphically represent quite well 
the several data when plotted on loga- 
rithmic paper (see Figure 4). 

The biological activity and settling 
character of the activated sludge solids 
are important factors. Some progress 
has been made by Bloodgood (18) and 
others in quantitative measurements 
of sludge activity, but more such stud- 
ies are needed before any definite re- 
lationship can be determined. 

Kraus (19) has proposed the use of 
digested sludge and digester superna- 
tant liquor to control the settling char- 
acteristics of activated sludge. This 
has tried experimentally  else- 
where. 


been 


Air Quantities 


Air quantities, more generally re- 
ported in cubie feet per gallon of sew- 
ave, range from less than 0.5 to 1.9 eu. 
ft. per gal. Graphically summarized 
(Figure 5), the average air supply 
quantities at existing plants show a 
wide spread for a given B.O.D.  re- 
moval, in p.p.m. Recently built plants 
appear to be more efficient in the use 
of air. 

Neither the air used per pound of 
B.O.D. removed nor the pounds of 
B.O.D. applied to aeration tanks per 
1,000 cu. ft. of air (Table VIT) show 
any direct relationship to sewage 
strength. Air per pound of B.O.D. 
removed ranges from 500 cu. ft. at Mil- 
waukee (new) up to 1,600 cu. ft. at 
Cleveland. (The 435 cu. ft. per pound 
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See Zable Vi for key 
to plant numbers 
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FIGURE 4.—Relation of mixed liquor solids and B.O.D. removal. 
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TABLE VI.--Comparison of B.O.D. Removals and Suspended Solids in Aeration Tanks 


Record Sus. Sol. in | B.O.D. 
| Mixed Liquor Removal? 


| (p.p-m.) 
Date 


(Act. 1947 1,850 
Ann Arbor 1945-46 150 
1946 yr. 1,930 
1946 yr. 2,400 
Cleveland 1945 3 1,248 
Decatur 1947 3 2,342 
Ft. Wayne ) 1941-45 5 yr. 2,420 
1945 1 yr. 1,054 
: 1941-45 5 yr. | 1,325 
Hammond 8 1942-46 5 yr. 2,196 
Jackson ¢ 1942-46 5 yr. 2,801 
West 1945 yr. 3,000 
East ‘ 1945 yr. 3,000 
Peoria 1942-46 ovr 1,640 
Pontiac > 1946 f 1,200 
San Antonio K 1045 46 2 yr 1,150 
Springfield 1937-41 D1 1,683 
Two Rivers i 1946 yr. 1,500 
1936-40 2,580 
250 

68.5 
93 


Chicago 


Gary 


Milwaukee 


Indianapolis 


Syracuse 
New York City 
230 
Wards Island 136 
‘ 338 
1046-47 1,680 
DOD 
1944 100 
1945 
1936. 40 7S0 
1945 S44 


Bowery Bay 


Jamaica 


Rockville Ctr., N.Y 


Lake ( harles, La 


Table | 

3ased on settled sewage 
3 Selected data, omitting months with operational disturbances 
Experimental 


B.O.D. removed at Richmond must be tempting to include air quantities as 
increased for additional air obtained an important closely related factor. 
through gravity Vogt diffusion aera- Sufficient air must be provided to meet 
tors. the oxygen requirements and to leave 

Possibly mechanical factors in the a dissolved oxygen residual of 1 or 2 
effectiveness of air diffusion plus air p.p.m. The quantity to be supplied 
used for channel aeration, sludge air will depend on efficieney of air diffu- 
lifts, and excessive air losses, are more — sion, which has not yet been fully de- 
important than the relatively smaller veloped. Data in Table VIT and Fig- 
quantity of air needed to supply the ure 5 are rough guides to current plant 
oxygen required for aerobic stabiliza- design. 
tion of matter. f 

Therefore, under the present. situa- Character and Quantity of Returned 
tion of relatively low air use efficiency Sludge 
with reference to biological activity, Two characteristics of activated 
there seems to be no advantage in at- sludge are important when it is. re- 
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350 


Removals thru Aer, & Fin, Tks, 


B.O.D. 


1.0 1.5 2.0 
Air Supplied - cft/gal of Sewage 
FIGURE 5.—Relation of air supplied and B.O.D. removal. 


TABLE VII.—-Air Quantities Compared to B.O.D. Applied and B.O.D. Removed 
Air Used (eu.ft.) 


B.O.D. Applied 


Plant | Date | (lb. /1000 Cu.Ft. 


| Per Ib. B.O.D. of Air) 


er 
Per Gallon the 


| 1944 46 1.05 770 
Ann Arbor 1947 0.92 703 
1945-46* | 0.5 504 
Austin 1944 | 0.95 807 
Baltimore 1945 1.24 728 
So. West 146 O86 876 
Chicago (No. Side 1946 0.49 645 
Calumet 1946 048 677 
Cleveland 1940 45 1.06 600 
Decatur 1946 1.19 043 
Fort Wayne 1941-45 0.95 773 
Gary 1941-45 76 
Hagerstown 1943 46 0.92 500 
Hammond 1942-46 0.66 655 
Jackson, Mich. 1942-46 0.65 690 
Madison, Wis. 1947 1.23 690 
Marion, Ind. 1942-45} 0.80 
Marshalltown 1943-46 1.45 
West 945 0 
Milwaukee Kast 
Omaha 1046 1.04 
Peoria 1942-46 1.30 
Pontiac 1946 0.83 
Richmond 1942-46 0.39 
San Antonio 1945-46 1.2 
1942 | 0.64 
1937-41 0.70 
Syracuse 1947 1.23 
Two Rivers 1946 122 


aS 


ts 


Springfield 


* Plain aeration, 8 months. 


| | | 

a | | 
a | 
m . ° 

Ow 

141 
1.39 
2.30 
1.67 
1.53 
War 1.88 
1.24 
1.02 SF 
| 1.45 
2.20 
1.03 
+ 
1.40 en 
1.25 
2.42 
0.90 aa 
1.00 
| 1.56 
| 1.60 

| 0.78 
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turned to the aeration tanks: (1) The 
sludge activity, including 
ness of the biological stabilization of 
organic compounds; and (2) the sludge 
concentration (that is the suspended 
solids content), which determines the 
quantity to be returned in order to 
maintain a certain suspended solids 
concentration in the mixed liquor. 

Most plant operators determine the 
sludge index and the solids concentra 
tion, but practically no information is 
available on sludge activity. 

The usual ranges in activated sludge 


complete- 


characteristics and quantities have been 
as follows 


Iter 
Sludge index 
Sludge solids (p.p.m 
Per cent of sewage flow 


The sludge volatile content also 
should be considered as an important 
factor, as this is the active portion of 
the sludge. 

Efforts to find a mathematical or 
graphical relation between the acti- 
vated sludge characteristics and quan 
tities, as represented by present. test 
data, have not uneovered any close re 
lationship. 

Extended sludge reaeration at Peoria 
and Decatur seems to have improved 
plant Hatfield (13) 
tried combinations of using 
six aeration tanks, but seems to favor 
allotting a sufficient portion of the 
aeration tank volume to sludge reaera- 


operation, has 


various 


tion to permit long reaeration periods. 

Digested sludge and digester super- 
natant liquor have been used at De 
catur and Peoria to increase the settling 
rate of the activated sludge. Witcher 
(14) modifies the plant operation to 
vet a rapid settling sludge. 

In the light of present understand 
ing it appears desirable for a reason- 
ably liberal flexibility to be provided 
in the plant design and then for the 
operator to use the aeration tank vol 
ume for sewage aeration or sludge re 
aeration as local experience finds de 
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sirable. Many existing plants have no 


provision for sludge reaeration or 


sludge concentration. 


Temperature 

Operating data averaged over peri- 
ods as long as 1 or more years fail to 
show any changes in efficiency that 
appear to be definitely related to tem- 
perature. It is probable that this may 
be due to a masking of temperature 
effects by a multiplicity of other influ- 
ences when averaged over such a long 
time period. Samuel (2) has found 
monthly averages of operating data 
relatively satisfactory. 

The effect of temperature on biolog- 
ical life is relatively well known. The 
effect on oxygen requirements for bio- 
logical stabilization of organie matter 
is not so well known. A number of 
laboratory researches have been made 
in efforts to determine temperature 
effects on various phases of the aecti- 
vated sludge process. 

Sawyer and Rohlich (20) summar- 
ized an extended series of taboratory 
tests by the equation 


y= 


in which y is relative activity in per 
cent of that at 25° C. andr is tempera 
ture in degrees Centigrade. 

Samuel (2) in his study of monthly 
averages of plant operating data found 
that by application of the Sawyer- 
Rohlich equation to obtain equivalent 
contact aeration periods he could ob- 
tain reasonable correlation of 
interrelated 


several 

using 
computed aeration periods unadjusted 
for temperature gave plotted points 
that were merely a group of scattered 
points with no apparent interrelation- 
ship. 


factors, whereas 


In order to determine a quantitative 
value for temperature effects 
complete data will be needed. 
ating data averaged over periods of 


more 
Oper- 


possibly a week, or at least no longer 
than a month should be available for 


a larger number of plants. More com- 
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plete knowledge is also needed of the 


temperature factor in the biological 


stabilization of various organic com- 
Some laboratory research is 
in progress on the latter problem. 


pounds. 


Summary 

Operating results from 26 plants, 
averaged over periods from 1 to 6 yr., 
show that the activated sludge sewage 
treatment process can be expected to 
remove from 92.5 to 95 per cent of the 
Bb.0.D. and suspended solids from un- 
treated domestic sewage in properly 
designed plants. Efficiency of the 
process is materially affected by a num- 
ber of factors, of which sewage quan- 
tity variations and chemical charae- 
teristics of the sewage, due in part to 
industrial wastes, are major factors 
requiring a great deal more research 
before satisfactory methods be 
devised to control their effects on plant 
efficiencies. 

Limited progress has been made in 
delineating the general magnitude of 
the effect of certain factors, such as 
suspended solids concentration in the 
aeration tanks, air supply quantities, 
and aeration contact period. Deter- 
mination must be made of the in- 
terrelation of several factors and the 
magnitude of other factors (such as 
temperature, nitrification, character of 
returned activated sludge with refer- 
ence to biological activity, and the 
B.O.D. loading per unit of aeration 
tank volume) before final  defini- 
tion of the effect of various factors may 
be fixed. 

More effective design and operation 
of primary sedimentation tanks would 
result in’ improved efficieney—many 
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plant upsets which reduce the plant 
efficiency are due to insufficient ca- 
pacity, inadequate hydraulic design of 
settling tanks, or the return of exces- 
sive quantities of waste activated 
sludge and digester supernatant liquor. 

Further study of plant operating 
data is warranted, in conjunction with 
laboratory research, to determine the 
effect of certain important 
such as temperature, chemical con- 
stituents of the untreated sewage, 
nitrification with reference to B.O.D. 
determinations, aeration contact time, 
and others. 

To facilitate such study operating 
data, averaged over a week or a period 
not longer than a month, should be 
made available. Also, plant operators 
should make available more complete 
data on the chemical contents of the 
sewage, including at least the nitrogen 
in the influent as well as in the effluent 
of the plant, and should provide a true 
measure of the character of sewage 
entering the plant, including any 
sludge or supernatant liquor recycled 
through the primary tanks. 

Improved laboratory — techniques, 
particularly the B.O.D. technique now 
under extended study, to remove unde- 
sirable influences of double or multi- 
ple reactions in the test bottle during 
incubation, would materially help de- 
termination of interrelation of several 
factors. 

Finally, this discussion has related to 
the simple parameter of percentage 
B.O.D. removals. Possibly a more 
complex parameter should be devised 
to more accurately establish the plant 
performance with reference to the sev- 
eral more influential factors. 


factors, 


References 


1. Berberich, Joseph F., Loadings 
us a Basis of Design for Activated 
Sludge Plants.’? unpublished 
thesis, Mass. Inst. Tech. 

2, Samuel, William L., ‘‘The Interrelation 
of Various Design Factors Related to 
B.O.D. Loading of Activated Sludge 


Plants.’’ 
Inst. Tech. 
3. Stanley, Wm. E., and Berberich, J. F., 
**B.0.D. Loadings in Activated Sludge 
Plants.’’ Journal Boston Soe. C. E., 
35, 3, 236 (July, 1948). 
4. Pearse, Langdon and Committee, ‘‘ Report 


An unpublished thesis, Mass. 


ude 
Ay? 
| 
4, 
| 
he 
4 
‘ 
; 


SEWAGE 


of A.P.HLA. Committee on Sewage Dis 

posal.’’)> Tris JourNAL, 14, 1,3 (Jan., 
1942 

5. National Couneil, ‘*Sewaye 
Treatment at Military Installations.’’ 
THIS JOURNAL, 18, 5, 791 (Sept., 
1946). 

Mann, Uhl T., Plain 
age.’’ THIS 
(May, 1946). 

Witcher, C. Pre ston, 
for 1946 and 1947.’’ Ann Arbor 
(Mich.) Sewage Treatment Plant. 

Davis, Calvin V., ‘‘ Handbook of Applied 
Hydraulies.’? MeGraw-Hill Book Co., 
N.. ¥.,. p. 913. 

Mohlman, F. W.,, 
editorial, THIS 
July, 1938). 

. Sawyer, C. N. and Bradney, L. B., 
Modernization of the B.O.D. Test for 
Determining the Efficiency of Sewage 
Treatment Tuls 
NAL, 18, 6, 1113 (Nov., 1946). 

Hurwitz, E., Barnett, G. R., Beaudoin, R. 
E., and Kramer, H. P., ‘‘ Nitrifieation 
and B.O.D.’’ Tuis JourRNAL, 19, 6, 
995 (Nov., 1947). 

2. Kraus, L. 


Research 


Aeration of Sew 
JOURNAL, 18, 3, 459 


’ 


‘*Annual Reports 


**Nitrification.’’ An 
JOURNAL, 10, 4, 792 


JOUR 


Processes. 


Chemist , The Greater 
Peoria Sanitary and Sewage Disposal 
District, Peoria, Ill. Private 
spondence. 


Corre 


WORKS JOURNAL 


July, 1949 


Hatfield, 
Sanitary 


William D., 

District of 
Private Correspondence. 

. Witcher, C. Preston, Superintendent, Ann 
Arbor Sewage Treatment Plant, Ann 
Arbor, Mich. Private Correspondence. 

9. Greeley, S. A., ‘*The Development of the 
Activated Sludge Method of 
Treatment.’’ THis 
1137 (Nov., 1945). 

Torpey, Wilbur N., ‘‘ Practical Results of 
Step Acration.’’ Tris JOURNAL, 20, 
5, 781 (Sept., 1948). 

. Greeley, - ‘* High 
Sewage Treatment.’’ Tuts JOURNAL, 
15, 6, 1069 (Nov., 1943). 

Bloodgood, Don E.., ** Studies of Activated 
Sludge Oxidations at Indianapolis.’ 
THis JOURNAL, 10, 26 and 927 (1938). 

Kraus, L. S., Digested Sludge—An Aid 
to the Activated Sludge Process.’’ 
Tuts JOURNAL, 18, 6, 1099 (Nov., 
1946), 

. Sawyer, C. N. 


vated Sludge Oxidations. 


Superintendent, 
Decatur, TIL 


Sewage 
JOURNAL, 17, 6, 


tate Biological 


, and Rohlich, G. A., ‘‘ Acti 

IV. The In 
fluence of Temperature Upon the Rate 
of Oxygen Utilization by Activated 
Sludges. THis JOURNAL, 11, 6, 946 
(Nov., 1939). 

Mann, Uhl T., ‘* ‘Economized’ Activated 

Sew. 


” 


Sludge Tests Are Promising.’’ 
Wks. Eng., 16, 514 (Oct., 1945). 


FACTORS AFFECTING THE EFFICIENCY OF ACTIVATED 
SLUDGE PLANTS—A DISCUSSION 


By Gain P. 


f of Laboratories, Departinent of Public Works 


In his 
Stanley comprehensive 
analysis of the many factors affecting 
efficiency in activated sludge 
treatment plants. 


excellent paper Professor 


has made a 
sewage 
Only one of these 
factors—the loading factor—has been 
chosen for this discussion. 

The rate of loading has been ex 
pressed in a number of ways. 
the ratio between the 


One is 
return sludge 
solids and the sewage solids entering 
the aerator; another is the pounds of 
».O.D. added to or removed from each 
1000 cu. ft. of aerator each day. 
Some of these loading factors are of in- 
terest in comparing plants, but are of 
little value in actual operation. Gould 
has suggested the term ‘‘sludge age”’ 


EpWARDS 


, City of New York, N. ¥. 


to represent the average number of 
days the sewage solids remain in the 
aeration It is caleulated by 
dividing the weight of suspended solids 
in the aeration tanks by the weight of 
suspended solids added daily to the 
aeration tanks. 


system. 


This sludge age, which 
applies only when no sludge aecumu- 
lates in the final tanks, is the reciprocal 
of the loading weight, expressed as 
pounds of suspended solids 
added to the aeration system daily for 
each pound of activated sludge solids 
under aeration. 

Gould that for activated 
sludge a sludge age of at least 3 days 
is necessary, and an age of 4 days is 
desirable. For high rate activated 


sewage 


believes 
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sludge or modified sewage aeration, an 


age of 0.35 to 0.5 days seems satisfac- 
tory. Between conventional and high 
rate activated sludge there is an inter- 
mediate zone, in which very poor re- 
sults are obtained. The sludge age in 
this zone may be 1 to 2 days. The ad- 
vantage in the use of sludge age is that 
it is a working factor that can be 
changed readily by the operator. The 
ave increases as the aeration tank sol- 
ids increase. In the conventional acti- 
vated sludge plant, the age can be 
varied somewhat by varying the solids 
concentration in the aerator. The 
amount of variation is restricted by the 
characteristics of the final tank system, 
which can care for only a_ limited 
amount of solids before the effluent be- 
Comes poor. 

When the sludge age is 3 days or 
more the plant should function satis- 
factorily, but as the loading increases 
it soon becomes impossible to increase 
the solids in the aeration system to 
handle the load. Then the ratio of ae- 
tivated sludge solids under aeration to 
the entering sewage solids, and, there- 
fore, the sludge age, becomes too low 
and the effluent deteriorates. It is pos- 
sible to increase the capacity of an 
activated sludge plant by adding re- 
aeration of sludge. This increases the 
aeration period of high concentrations 
of sludge, as well as the weight of 
solids under aeration and, by defini- 
tion, the sludge age. However, ordi- 
nary reaeration is also limited in the 
range within which it can operate. 

Gould (1) originated the idea of 
step aeration whereby the return 
sludge is added at the beginning of the 
aeration tank and the sewage is added 
at one or more points along the course 
of flow of the returned sludge. As the 
point of application of the sewage is 
shifted toward the effluent end of the 
tank, the length of the sewage contact 
period decreases and the sludge deten- 
tion period increases. 

Within limits, a gain can be effected 
in purification by increasing sludge de- 
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iention at the expense of sewage aera- 
tion. There is the added advantage 
with step aeration that, as the points 
of sewage application are shifted 
toward the effluent end, fewer pounds 
of solids per day are added to the final 
tanks. Step aeration, therefore, per- 
mits great flexibility in operation by 
allowing wide variations in sludge age 
or in loading, and by lessening the rate 
of solids loading on the final tanks. 

Where the activated sludge plant 
has sufficient capacity to handle the 
load, the use of step aeration does not 
necessarily improve the effluent. For 
example, with conventional aeration 
at the Tallmans Island plant (New 
York City), the average sludge age 
during 1946 was 5.2 days and the load- 
ing was 30 Ib. B.O.D. per 1,000 eu. ft. 
of aeration tank capacity per day. 
For the year ending August 30, 1948, 
step aeration was used, the settled 
sewage being added in equal amount 
at points about 14 and 34 the distance 
through the aeration tank. The aver- 
age sludge age was 8.2 days and the 
B.O.D. loading was slightly less than 
in 1946. In each case the effluents were 
about the same, although a_ better 
sludge index was obtained with step 
aeration. IHowever, when loading be- 
comes high, step aeration is an ad- 
vantage. Torpey (2) has shown that 
at the Bowery Bay plant, B.O.D. load- 
ings of 54 to 85 Ib. of B.O.D. per 1,000 
cu. ft. of aeration tank capacity per 
day were satisfactorily treated by step 
aeration in an aeration tank having a 
conventional detention period of 2.5 
hours. 

High loadings of B.O.D. and sus- 
pended solids ean be handled efficiently 
by high rate activated sludge (modi- 
fied sewage aeration) where a highly 
polished effluent is not required. The 
high rate activated sludge process con- 
sists essentially of the aeration of low 
concentrations of aeration solids for 
short periods. For the year ending 
August 30, 1948, the average detention 
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period in the aerator at the Jamaica 
plant was 2 hr. and the concentration 
of aerator solids was 650 p.p.m. The 
aeration tank receives screened raw 
sewage and, with a loading of 100 Ib. 
of B.O.D. per 1,000 cu. ft. of aeration 
tank capacity, and with 353 cu. ft. of 
air per pound of B.O.D. removed, 83.7 
per cent of the suspended solids and 
77.5 per cent of the B.O.D. were re- 
moved. The eftluents average 30 p.p.m. 
suspended solids and 41 p.p.m. B.O.D.; 
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the excess sludge, 6.4 per cent solids, 
of which 74.1 per cent were volatile; 
and the sludge age, 0.37 days. 

The use of step aeration and the con- 
cept of sludge age are important factors 
in improving the efficiency of the acti- 
vated sludge Step aeration 
adds great flexibility to the handling 
of heavy organie loads and the determi- 
nation of 


process. 


the sludge age permits a 
rapid analysis of one of the most im- 
portant factors, loading. 
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ROSTER OF SANITARY AND PUBLIC HEALTH ENGINEERS 


In cooperation with the National Se- 
curity Resources Board, the American 
Public Health Association is preparing 
a roster of sanitary and publie health 
engineer citizens of the United States. 
This roster, to a great extent, will sup- 
plement and bring up to date the roster 
prepared by the War Manpower Com- 
Its uses will be manifold, but 
the immediate interest of the National 
Security Board in such a 
roster is to provide a means by which 
trained sanitary and publie health en- 
vineers can be assured of proper utili- 


HLISSION, 


Resources 


zation of their professional training 
should) another national 
arise. The Engineering Section Proj 
ect of the American Public Health As- 
sociation Is directly responsible for the 


emergency 


collection of data and preparation of 
the roster. 

The definition of a sanitary engineer 
prepared by the National 
1943 is being 
basie description of 


Research 
Couneil in used as a 


individuals who 


should receive and complete the ques- 
tionnaire. Judgment as to whether or 
not the individual meets the require- 
ments of the definition will 
each individual. 

Files of the War Manpower Com 
mission and a list of all engineers who 
served with the Sanitary Corps of the 
Army are being used as a basis for a 


rest with 


mailing list in sending out the ques 
tionnaires. These two lists are being 
amplified by information obtained 
from membership lists of several of 
the national engineering societies, plus 
information submitted by state sani- 
tary engineers through the cooperation 
of the Conference of State Sanitary 
Engineers, by larger consulting engi- 
Any 


engineer who does not receive a Copy 


neers, and by other individuals. 


of the questionnaire within the next 
two or three months should notify the 
Engineering Section Project, American 
Public Health Association, 1790 Broad- 
way, New York. 
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THE OXYGEN REQUIREMENTS OF ACTIVATED 
SLUDGE DETERMINED BY MANOMETRIC 
METHODS 


By P. S. S. Dawson anp S. 


H. JENKINS 


Research Assistant and Chief Chemist, Birmingham, Tame and Rea District 
Drainage Board, England 


At least three methods are available 
for measuring the biological activity 
of activated sludge: (1) the direct ab- 
sorption of gaseous or dissolved oxy- 
gen, (2) the indirect method of meas- 
uring the drop in the oxygen demand 
of the sludge, and (3) the indirect 
method of following the carbon dioxide 
output of the sludge. The first method 
has been used by Grant, Hurwitz, and 
Mohlman (1); Sawyer and Nichols 
2); and others. The second method 
has been less successful, probably be- 
cause the B.O.D. test used to measure 
the oxygen demand is itself indetermi- 
nate. In the third method, as used by 
Heukelekian and Ingols) (3) and 


Jenkins and Roberts (4), the assump- 


must be made that the rate of 
carbon dioxide output is the same as 
the rate of oxygen uptake. 

In the direct absorption of oxygen 
by sewage and activated sludge, an 
advance in technique was made_ by 
Wooldridge and Standfast (5) by the 
use of Barcroft differential manom- 
These authors did not refer to 
the use of Warburg manometers, but 
the application of such manometers to 
the measurement of the B.O.D. of sew- 
age was recently described by Cald- 
well and Langelier (6). 


tion 


eters. 


Object of Present Investigation 

Work was begun in this laboratory 
in 1944 to develop the use of micro- 
respirometers in activated sludge stud- 
ies, particularly as a means of follow- 
ing the effect of 
biological 


toxie substances on 


systems such as activated 


sludge. 
paratus 


progress. 


Difficulties in obtaining ap- 
during the war restricted 
Some preliminary work was 
carried out with Barcroft manometers 
loaned by the Water Pollution Re- 
Laboratory. This work con- 
firmed the need for replication of ex- 
periments, as recommended by Corbet 
and Wooldridge (7). 

As standard apparatus was unobtain- 
able, a thermostatically controlled tank 
was designed to take both Bareroft 
and Warburg manometers, which were 
attached to a backboard of standard 
dimensions. Spring steel clips screwed 
to the backboard were shaped so as to 
erip studs mounted on moveable 
frames close to either side of the tank. 
The two frames were connected by 
rods and a separate, moveable frame 
on one side of the tank was fixed at the 
top to the tank itself. The bottom part 
was attached to the manometer frames 
and to a moveable arm, so that when 
a reciprocating force was applied to 
the bottom part, the manometer frames 
swung to and fro, pivoted about the 
upper part of the swinging frame. One 
end of the moveable arm fitted into a 
slotted cam, which was driven through 
a series of pulleys from a 14-h.p. motor. 
By moving the arm along the slot the 
horizontal movement of the frame 
could be varied from 1 to 8 em. Pulley 
wheels enabled the number of oscilla- 
tions to be varied between 75 and 150 
per min. The apparatus has given 
excellent service. 

A thermoregulator giving control to 
0.02° C. was connected to a 1.2-kw. 
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heater fitted into the side 
of the tank, underneath the thermom- 
eter. The stirring device in the tank 
Was driven off the shaker motor. Tem- 
perature control was accurate to within 
at least O.1° C. The tank and shaking 
vear are shown in Figure 1. 

The manometer 
by calculation (8) 
finding the 
from 
carbonate. 


immersion 


obtained 
were checked by 
volume of CO, evolved 
weights of sodium. bi- 
Much calculation time was 
saved by the use of nomograms (9) 
for oxygen, carbon dioxide, and differ- 
ent volumes of reactants with Warburg 
and Barcroft monometers. 

Colored was used as the 
rave fluid in the Barcroft manometers ; 


constants 


known 


kerosene 


Brodie solution (500 ml. water, 23 em. 
sodium chloride, 5 em. sodium tauro- 
plus 


elyvcocholate, 


drops of 


8 
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alcoholic thymol and a few drops of 
methyl! violet solution), in the Warburg 
manometers. 


Uptake of Oxygen by Activated 
Sludge 

In manometric experiments the up- 
take of oxygen must be independent 
of the shaking conditions. Preliminary 
experiments with buffered yeast sus- 
pensions and glucose, which have high 
rates of oxygen uptake, showed that a 
shaking rate of 130. oscillations per 
min. with a stroke of 3.5 em. was ade- 
quate. 

The activated sludge used in these 
experiments from Coleshill Works, 
which domestic sewage from 
110,000 inhabitants. The sewage has 
a B.O.D. of 200 to 230 p.p.m. The 
activated sludge was used within 2 or 


treats 
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FIGURE 2.—Oxygen uptake, in micrograms, by various volumes of activated sludge. 
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3 hr. of its collection. Washed acti- Throughout subsequent experiments 
vated sludge containing 2,375 p.p.m. the shaking rate was kept at 130 oscil- 
of suspended solids was added to lations per min., and the length of 
duplicate Warburg flasks in 1-ml., 2- stroke at 3 em. 

ml., 3-ml., 4-ml., and 5-ml. volumes, 

and the rate of oxygen uptake from Error Involved in Manometric 
air was determined at 28° C. The ex- Method 

periments were repeated on three suc- Ae 

cessive davs. Figure 2 shows the re- Preliminary experiments showed 
sults of one test. Inasmuch as the that with yeast suspensions and glu- 
rate of oxygen uptake does not de- CSE the agreement between the oxygen 
crease with increasing volumes of Uptake in replicate determinations was 
sludge, oxygen supply was not a limit- excellent. Activated sludge was then 
ine factor. used, washed and unwashed, buffered 
A plot of amount of oxygen taken and unbuffered, in various degrees of 
up by the different volumes of sludge replication, The results, when treated 
after 200 min. gave a straight line, Statistically as suggested by Corbet and 
showine that the oxygen uptake is Wooldridge (7), showed that an error 
strictly proportional to the volume of of 4 to 5 per cent was obtained with 
sludge used. This fact was established ™anometers in duplicate or triplicate, 
in 1930 by Grant, Hurwitz, and Mohl- less than this with more manometers, 
man (1). and that after 2 or 3 hr. aeration the 
errors were slightly smaller. 


Oxygen Uptake of Washings from 
Activated Sludge 


The liquid in contact with activated 
sludge may have an appreciable and by 
en no means constant demand for oxygen. 
An example of the oxygen taken up by 
the washings from activated sludge 
after successive washings with water 
is shown by Figure 3. The activated 
sludge was first mixed with sewage. 
The hquor removable by centrifugation 
had an oxygen uptake of 56° p.p.m. 
The results showed that two washings 
reduced the oxygen uptake to 12 p.p.m., 
and four washings to a negligible fig- 
ure, 


OXYGEN UPTAKE BY LIQUOR 


Effect of Light 


Light was excluded from four War- 
bure flasks by a wrapping of black 


0 i | 1 ! cloth. To each of these and to four 

OF similar, unblacked flasks 4 ml. of thrice- 

washed activated sludge was added: 
PLUS ADDED SEWAGE 0.3 ml. of potassium hydroxide solution 


and filter paper rolls were placed in 
‘ the inner cups. No buffer was added, 


ings on uptake of oxygen, in p.p.m., by ‘ = 
activated sludge. the pli being 7.2 throughout the ex- 
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periment. Duplicate thermobarometers 
were used. The oxygen uptake at 28° 
C. was read at 30-min. intervals for 
270 min.; the resuits obtained are 
shown in Figure 4, in parts by weight 
of oxygen per million parts by volume 
of sludge containing 1,000 p.p.m. sus- 
pended solids. These same units are 
used throughout this paper unless 
otherwise noted. 

A slight but significant increase in 
oxygen uptake was found in the absence 
of light. In the flasks exposed to light a 
few Euglena were found. The explana- 
tion suggested to account for the in- 
creased oxygen uptake in the absence 
of light is that photosynthesis occurs 
in the presence of light. The oxygen 
thereby produced is available for oxi- 
dation purposes, so that a smaller 
volume of the oxygen originally present 
in the apparatus is used by the aeti- 
vated sludge. If this is the correct 
interpretation of the result, the differ- 
ence between the two sets of average 


figures is a measure of the oxygen pro- 


duced by photosynthesis under the con- 
ditions of the experiments. 
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Uptake of Oxygen from Atmospheres 
of Oxygen and Air, with and 
without Shaking 

For this experiment, 4 ml. of thrice- 
washed activated sludge was added to 
12 Warburg manometers containing 
0.4 ml of potassium hydroxide. Six 
were filled with oxygen and six with 
air. Three of each set were kept 
stationary, three were shaken. The 
average of three determinations of the 
oxygen uptake in 5 hr. at 28° C. was as 
follows: 

Manometers 
Stationary 


29.4 

14.0 
These values indicate that it is neces- 
sary to shake the manometers filled 
with air in order to obtain the same 
oxygen uptake as with pure oxygen. 
Even with an atmosphere of oxygen, 
failure to shake results in a reduced 
oxygen uptake. 


Manometers 


Atmosphere Shaken 


Effect of pH 
Several experiments were carried out 
to insure that the buffer solutions used 
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FIGURE 4.—Effect of light on uptake of oxygen. 
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to maintain selected pH values had no 
toxic or nutritional effect other than 
that due to the hydrogen ion concen- 
tration. 

In order to allow for replication the 
pH range was covered in three separate 
experiments: pH 3 to 7, 6 to 10, and 
9to 13. In two subsequent experiments 
the full range was achieved using a 
single sample of activated sludge and 
one manometer for each pH value. The 
results of the first set of experiments, 
using different sludge samples for each 
of the pH ranges, gave the results 
shown in Table 2. 

The pH range 4 to 13 was examined 
using the same sample of activated 
sludge. Duplication was obtained by 
repeating the experiment with the 
same sludge on two successive days 
The results are shown in Figure 5. 
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The oxygen uptake of activated 
sludge between pH 7 and 8 was found 
at pH intervals of 0.2 using duplicate 
Warburg manometers and phosphate 
buffer. The average results of three 
consecutive experiments are shown in 
Figure 6. 

These experiments show that washed 
activated sludge takes up oxygen over 
the pH range 4 to 13. The uptake be- 
low pH 5 and above 12 is negligible. 
The optimum range is between pH 7 
and 8, with a maximum at about 7.4. 
From this point the activated sludge 
is less sensitive to increases in pH than 
A drop in pH from 6 to 
5 reduces the respiratory activity of 
the sludge by about 75 per cent. (It 
does not necessarily follow that the 
ability of the sludge to cause floccula- 
tion is affected in the same way.) 
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FIGURE 5.—Oxygen uptake of activated sludge at different pH values. 
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TABLE 2.—Oxygen Uptake! by Activated 
Sludge Buffered at Different pH Values 


Actual 

3to7| Phthalate-NaOH 4.0 
| Phthalate-NaOH 4.6) 13.9 
Phthalate-NaOH 5.3} 19.5 
KH.PO,-NaOH 6.3 | 41.5 

| KH.PO~NaOH | 7.0) 49.1 

6 to 10 KHPO,NaOH | 6.0) 73.0 
| KH»PO~NaOH | 7.0! 79.9 
KH,PO.-NaOH | 81.7 
H,BO;-KCI-NaOH 8.0} 78.2 
H;BO;-KCI-NaOH 9.0| 74.7 
H;BO;-KCI-NaOH 10.0 69.4 

9 to 13> Glyeocoll-NaCl-NaOH | 9.1! 36.5 
Glycocoll-NaClLNaOH | 26.9 
Glycocoll-NaCl-NaOH =| 11.0! 21.4 
Glycocoll-NaCl-NaOH (12.0) 94 


Glyeocoll-NaClLNaOQH | 12.7 
'As parts by weight of oxygen per million 
parts by volume of sludge containing 1,000 
p.p.m suspended solids. 
2 Made according to formulas in Clark (10) 
3 Average of duplicate determinations. 


The results given above agree sub- 
stantially with those of Wooldridge and 
Standfast (5) except that the authors 
found that activated sludge will respire 
over a slightly wider range of pH 
values. However, different sludges 
were used. The differences in behavior 
of activated sludge obtained from dif- 
ferent plants have not yet been exam- 
ined. 


Effect of Temperature 


The rate of oxygen uptake was ex- 
amined at various temperatures be- 
tween 0° and 48° C.: namely 0° 
(+ 0°); 12° (+ 0.4°); 18° (+0.2°); 


(+0.1°); 44° (+0.2°), and 48° 
(+ 0.2°). The determinations were 
made in triplicate, with a fourth 


manometer as a thermobarometer, and 
were carried out in groups as follows: 
(a) 0°, 12°, 18°, 22°; (b) 18°, 22°, 
28°, 38°; (c) 28°, 38°, 44°, 48°; (d) 


18°, 28°, 38°, 48°. The various baths 
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FIGURE 6.—Oxygen uptake of activated 
sludge in the optimum pH range. 


used were not fitted with shaking appa- 
ratus and the manometers were there- 
fore shaken by hand whenever possible. 

The suspended solids were deter- 
mined in each batch of activated sludge 
used and the oxygen uptakes calculated 
to the same suspended solids content. 
Figure 7 gives the results obtained. 

The rate of oxvgen uptake during 
the first few hours at five different tem- 
peratures is shown in Fig. 8 Up to 
28° C. the relationship between time 
and uptake is a straight line, but at 
37° and 48° there is a marked falling 
off in the uptake rate within the first 
hour of aeration. This is probably due 
to the inactivation of organisms or 
specific enzime systems. An increase 
in oxygen uptake by activated sludge 
between 15° and 25° C. was noted by 
Sawyer and Nichols (2). 


UPTAKE 
° 


0 30 40 so 
TEMPERATURE IN DECREES CENTICRADE 
FIGURE 7.—Relationship between tem- 
perature and oxygen uptake of activated 
sludge. 
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FIGURE 8.—Oxygen uptake during the 
first 5 hr. by activated sludge at various 
temperatures. 


Effect of Oxidation—Reduction 
Potential 


The apparatus used for this experi 
ment consisted of a 120 ml. jar fitted 
with a rubber bung carrying a glass 
electrode, a platinum electrode, and a 
standard calomel half cell, connected 
to a pH electrometer which gave read- 
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APPROXIMATELY 
66% SATURATED’. 


Eh IN MILLIVOLT 


ACTIVATED 


“DISSOLVED OXYGEN 


July, 1949 


ings in pH units or millivolts. A single 
jar was used; measurements of oxygen 
uptake were made simultaneously on 
the same sample of activated sludge in 
Warburg manometers. The electrodes 
and standard cell were cleaned in nitric 
acid and then in distilled water before 
use. 

Buffered sludge was added to the 
jar and the pH determined with the 
elass electrode in circuit. With the 
platinum electrode in circuit the po- 
tential EF), read off at intervals. 
Readings of oxygen uptake were also 
read in parallel manometers. <At the 
end of each experiment the pH of the 
sludge was again determined. 

Effect of Aeration—Washed acti- 
vated sludge, buffered at pH 7.4, was 
shaken in the jar and in manometers. 
After 80 min., shaking was stopped in 
order to allow conditions to become 
anaerobic. The results, plotted in 
Fieure 9, show that a fall in the rate 
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FIGURE 9.—Relationship between /:, and oxygen uptake of activated sludge. 
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FIGURE 10.—Effect of aeration on Fy of stale activated sludge. 


of oxygen uptake (in p.p.m. per hr.) 
corresponds with a drop in the dis- 
solved oxygen concentration and in the 
potential. 

Effect of Stagnation—The condi- 
tions of the previous experiment were 


reversed. A charge of sludge was kept 
stagnant for 2 days. After measuring 
its E, and oxygen uptake for 90 min., 
the sludge was shaken in air. The re- 
sults, given in Figure 10, show that 
whereas the E;, potential took 150 min. 
to reach its maximum value, the oxy- 
gen uptake maximum was reached in 
30 min. This difference is probably 
due to the two types of apparatus used 
for FE, and oxygen uptake measure- 
ments. 

Intermittent Shaking.—Fresh  aeti- 
vated sludge was shaken and then al- 
lowed to stagnate, this procedure being 
repeated several times. After 7 hr. the 
sludge was kept anaerobically over- 
night and then re-shaken. The results 
of FE, determinations, as given in Fig- 
ure 11, show that the fluctuation from 
aerobic to anaerobic conditions causes 


increases and decreases in the oxida- 
tion-reduction potential. The longer 
the sludge is kept under anaerobie con- 
ditions, the greater is the potential dif- 
ference. 

The oxygen uptake rate varies with 
the change in F,, but the experiments 
described do not justify anything more 
than qualitative conclusions being 
drawn. The authors’ results confirm 
the relationship between the dissolved 
oxygen content and the FE, value of 
activated sludge, established by Moore 
and Ruchhoft (11) and Rohlich (12). 
The manometric measurements show 
that the EF, value is followed more 
closely by the rate of oxygen uptake 
by the activated sludge than by the 
dissolved oxygen curve. Presumably, 
once a minimum dissolved oxygen con- 
centration is reached, which Rohlich 
(12) puts at about 1 p.p.m., the dis- 
solved oxygen concentration ceases to 
be a factor of importance capable of 
limiting the rate of oxygen uptake. 

The E, value of fresh activated 
sludge was found to be 300 millivolts. 
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When kept anaerobically, this figure 
fell to — 210 millivolts after 1 day, 
— 290 millivolts after 2 days, and 
— 310 millivolts after 10 days. These 
values suggest that the conditions were 
anaerobic within a few hours. Under 
such conditions the initial oxygen up- 
take might be partly due to the chemi- 
cal oxidation of easily oxidizable sub- 


stances. 


Effect of Staleness 


Plant operators are familiar with the 
deterioration in effluent resulting from 
the use of activated sludge that has 
become stale through a shortage of air 
or through over-detention in tanks. 
The effect of staleness on the oxidizing 
power of activated sludge was studied 
by completely filling 250-ml. bottles 
with one sample of fresh, unwashed ac- 
tivated sludge. The contents were ex- 
amined at intervals, using the follow- 
ing procedure: 

100 ml. of the shaken sample was 
centrifuged and the supernatant liquor 
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decanted. The residual sludge was 
washed three times with water and 
then made to 100 ml. The untreated 
sludge sample was also examined. The 
oxygen uptake from air of 4 ml. each 
of untreated sludge, washed residual 
sludge, and supernatant liquor was 
found in duplicate Warburg manom- 
eters over a period of several hours, 
taking '-hr. readings. <A plot of the 
results obtained after 4 hr. is shown in 
Figure 12. 

The oxygen taken up by the sludge 
before washing does not necessarily 
equal the uptake of the washed sludge 
plus that of the liquor for the reasons 
that: (1) soluble and colloidal oxygen 
absorbing material is removed from 
the sludge by washing and most of this 
is lost; (2) the suspended solid eon- 
tent of the sludge is lowered by about 
15 per cent in the washing process, 
which reduces the oxygen demand cor- 
respondingly; and (3) hydrogen sul- 
fide and sulfides, which were present 
after the third day, are oxidized with 
great rapidity and probably 
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FIGURE 11.—Changes in E, of activated sludge kept alternately aerobically 
and anaerobically. 
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FIGURE 12.—Effect of keeping activated sludge anaerobically on the oxygen uptake of 
the sludge, washed and unwashed, and of the sludge liquor. 


partly oxidized by atmospheric oxy- 
gen during manipulation. 

The results show that the total oxy- 
gen uptake remained fairly uniform 
for about 10 days and then declined 
rapidly. The washed sludge uptake 
fell sharply from the commencement 
to 88 per cent of its original value. 
This fall coincided with a change in the 
staining reactions of the organisms 
from Gram negative to Gram positive. 
The reduction in oxygen uptake by the 
washed sludge might have been due 
either to the decomposition and removal 
of oxidizable material on washing, or 
to the death of aerobie organisms. The 
former cause is the more probable. 

The oxygen uptake of the sludge 
liquor rose during the first 7 days. 
This suggests that substances having 
a demand for oxygen in the solid phase 
of the fresh sludge decomposed, yield- 
ing sulfide, and thereby reduced the 
oxygen demand of the solid sludge at 
the expense of the sludge liquor. 

The reduction of the unwashed 
sludge oxygen uptake coincided with 
the formation of sulfur, the pres- 
ence of which was confirmed by extrac- 


tion with carbon bisulfide. The oxy- 
gen uptake of the sludge liquor also 
fell. This was probably the result of 
flocculation of oxidizable matter, in 
addition to the removal of sulfide, inas- 
much as the oxygen uptake of the 
washed sludge showed a marked in- 
crease after the seventh day of keeping. 


Relationship Between Activated 
Sludge Concentration and 
Oxygen Uptake 

Washed activated sludge was thick- 
ened and then made up to give sus- 
pended solids concentrations of 500, 
1,000, 1,500, 2,000, 2,500, and 3,000 
p.p.m. The oxygen taken up from air 
by 4-ml. duplicate portions of each con- 
centration was found in Warburg 
manometers. The uptakes at 40-min. 
intervals, up to 240 min., are given in 
Figure 13, which shows that the oxygen 
uptake was proportional to the sludge 
concentration. 

A further experiment was carried 
out with a range of sludge concentra- 
tions extended far beyond that possible 
in actual practice; specifically, 2,500, 
5,000, 7,500, 10,000, 12,500, and 15,000 
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FIGURE 13.-—Oxygen uptake by activated sludge containing vazious amounts of 
suspended solids. 


p.p.m. of suspended solids. At 12,500 
p.p.m. the sludge began to lose its 
liquid mobility. The experiment was 
made in Warburg manometers filled 
with air. When it was repeated, addi- 
tional manometers were used to de- 
termine the oxygen uptake from an 
atmosphere of pure oxygen for the 
three highest sludge concentrations. 


IN 3%HOURS 


UPTAKE 


The relationship between the oxygen 
taken up after 90 min. and the sludge 
concentration is shown in Figure 14. 

At a suspended solids concentration 
of 12,500 p.p.m.—the point where the 
sludge no longer flows freely, and does 
not break up so readily on shaking— 
the uptake of oxygen from air begins 
to fall off. With pure oxygen in the 


— — -OXYGEN ATMOSPHERE 
AIR ATMOSPHERE 


L j 


2500 5000 7500 
ACTIVATED SLUDGE CONCENTRATION 


0000 12500 15000 
pp" SUSPENDED SOLID 


FIGURE 14.—Effect of sludge concentration on oxygen uptake. 
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manometers the rate of oxygen uptake 
falls off in the same region, although 
not to the same extent as with air. The 
inference is that the limiting factor 
affecting the oxygen uptake at the 
higher sludge concentrations is not the 
oxygen supply, but the rate at which 
the oxygen diffuses through the viscous 
sludge. 


Sterilized Activated Sludge 


The oxygen taken up in 3 hr. by 
fresh activated sludge (at 1,000 p.p.m. 
suspended solids) was determined be- 
fore and after filtration through Seitz 
filters. The comparative values were 
70.6 and 73.3, respectively. The super- 
natant liquor from the fresh sludge 
was also Seitz filtered, the oxygen up- 
take measured before filtration being 
2.8; that after filtration was 0.8. These 
results bring out the well known fact 
that practically the whole of the oxy- 
gen uptake resides in the solid fraction 
of the activated sludge. 

The oxygen uptake in 3 hr. of a 
sample of activated sludge before and 
after sterilization by heat gave com- 
parative duplicate results of 108.2 and 
111.3 for the unsterilized condition and 
1.1 and O for the sterilized condition, 
proving that micro-organisms were al- 
most completely responsible for the 
oxygen uptake. 

Because the micro-organisms respon- 
sible for the oxygen uptake are associ- 
ated in clumps, an attempt was made 
to test the theory that an increase in 
the rate of oxygen uptake would result 
if the surface of the sludge, and there- 
fore the surface of organisms, was in- 
creased. This was done by homogeniz- 
ing the sludge, which Allen (13) has 
found to cause a 10- or even 100-fold 
increase in the bacterial count of acti- 
vated sludge. 

Washed activated sludge was divided 
into two portions. One portion was 
homogenized six times and 2.5 ml. of 
charges of the two lots of sludge were 
added to triplicate manometers. The 
oxygen uptake from air was measured 
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with the manometers stationary in 
order to delay re-flocculation of the 
homogenized sample. After 2 hr. the 
manometers were re-set at 0 and the 
oxygen uptake determined for a fur- 
ther 2 hr., observing the normal shak- 
ing conditions. Comparative results 
were as follows: 


For the unhomogenized sludge—not 
shaken, 35.4; shaken, 63.0: 

For the homogenized sludge—not 
shaken, 63.0; shaken, 69.7. 


The results show that dispersal of 
the activated sludge causes a marked 
increase in oxygen uptake under 
quiescent conditions. One inference to 
be drawn from this observation is that 
a badly flocculated activated sludge 
would absorb oxygen from its liquor at 
a greater rate during settlement than 
would well flocculated sludge. The re- 
sults also indicate that the effect of 
homogenization in increasing the rate 
of oxygen uptake persists even when 
the activated sludge is re-floceulated 


by shaking. 


The effect of homogenization might 
be due to the amount of active surface 
being increased, or to a speedup in the 
diffusion of oxygen through the sludge 
to the organisms. An attempt to test 
the validity of these views was made by 
adding various inert substances to 4- 
mi. portions of washed activated sludge 
in duplicate Warburg manometers. 
The results shown in Figure 15, 
were inconclusive. Several substances 
hardly affected the oxygen uptake, al- 
though pumice and asbestos gave a 
marked increase. In general, there was 
little relationship between the oxygen 
uptake and the amount of inert sub- 
stance added. Quite different views 
have been expressed—for example, by 
such investigators as Theriault (14), 
Whitehead and O’Shaughnessy (15), 
and Ziegerli (16)—concerning the ef- 
fect of inert substances on the efficiency 
of treatment by activated sludge. 
However, the evidence in favor of any 
one view is not convincing. 
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FIGURE 15.—Effect of inert materials on oxygen uptake. 


Summary and Conclusions 


The conclusions drawn from the ex- 
periments described herein may be 
summarized as follows: 


1. The oxygen taken up by washed 
activated sludge was proportional to 
the amount of sludge involved. A 
straight-| relationship was also 
found between the time of aeration and 
the oxygen used. 

2. washed activated sludge, 
the error involved in measuring the 
oxygen uptake with duplicate or tripli- 
cate manometers is 4 to 5 per cent. 


ine 
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3. The liquor in contact with acti 
vated sludge has an appreciable de- 
mand for oxygen. Washing the sludge 
twice with water reduces this demand 
to a negligible amount. 

4. Under the authors’ conditions of 
experiment, a slight but significant ef- 
fect was detected due to photosynthesis. 
The result was that aeration flasks ex- 
posed to light took up less oxygen 
from the surrounding atmosphere of 
air because an additional quantity of 
oxygen was produced by photosyn- 
thesis. 

5. Oxygen was absorbed from air 
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quicker in manometers that were 
shaken than in those that were station- 
ary. The difference still persisted, but 
was less marked, from an atmosphere 
of pure oxygen. 

6. Below pH 5 and above pH 12 the 
oxygen uptake is very small. The 
optimum range is between pH 7 and 
8, with an optimum at about 7.4. In- 
creases in pH from this point affect 
the oxygen uptake less than do corre- 
sponding decreases. A pll drop from 
6 to 5 reduces respiratory activity by 
about 75 per cent. The effect of pl 
on flocculation was not examined in 
this work. 

7. As a result of experiments rang- 
ing from 0° to 48° C., the authors con- 
clude that the optimum temperature 
for oxidation by activated sludge is 
about 28° C. At this temperature the 


oxidation is three times as rapid as at 
12° C. 

8. The relationship between the oxi- 
dation-reduction potential, Ey, of acti- 


vated sludge kept under aerobic and 
anaerobic conditions, and the oxygen 
uptake of the sludge, was determined 
manometrically. The oxygen uptake 
was high when the sludge was kept 
aerobically, and low under anaerobic 
conditions. The E, curve followed the 
oxygen uptake curve more closely than 
the curve for dissolved oxygen. This 
suggested that above a certain mini- 
mum concentration, dissolved oxygen 
had little effect on the rate of oxygen 
uptake by activated sludge. 

9. Under anaerobic conditions the to- 
tal amount of oxygen required for res- 
piration remained constant for several 
days. During that period the oxygen 
demand of the solid decreased and the 
demand of the liquid increased. With 
prolonged storage under anaerobic 
conditions, the total oxygen demand 
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of activated sludge decreased. The 
oxygen demand of the liquid portion 
also decreased, due to the conversion 
of sulfides into sulfur. 

10. The oxygen taken up by activated 
sludge was proportional to the amount 
of solid matter present. With very 
high concentrations of solids—12,500 
p-p.m. and over—the rate of oxygen 
uptake decreased when air was present 
in the manometers because the oxygen 
could not diffuse through the sludge 
quickly enough to meet the oxygen de- 
mand. Even in the presence of pure 
oxygen a slight falling off in oxygen 
uptake was noted. This only occurred 
with concentrations of sludge beyond 
those normally employed in actual 
practice. 

11. By using Seitz filters and heat 
sterilization, practically all the oxygen 
demand was found to reside within the 
solid portion of activated sludge and 
to be biological in origin. From an 
atmosphere of air under quiescent con- 
ditions activated sludge dispersed by 
homogenization had a greater oxygen 
uptake rate than flocculated sludge. 
This greater uptake rate still persisted 
when homogenized sludge was shaken. 
The addition of inert substances, which 
might increase the surface of the acti- 
vated sludge, had no appreciable effect 
in some cases in increasing the oxygen 
uptake. In two cases an increase was 
observed. The authors were unable 
to arrive at any conclusion regarding 
the effect of inert substances on the 
respiratory activity of activated sludge. 
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BIBLIOGRAPHY ON REFUSE COLLECTION AND DISPOSAL 


An extensive bibliography in the 
field of refuse collection and disposal 
is now available, according to an an- 
nouncement of the U. S. Publie Health 
Service. This is said to be the first 


such comprehensive bibliography. 

The bibliography contains references 
to material published during the vears 
1940-48, and 
12 indexes, 
The 


alphabetically by 


is based on a review of 
readers @uides, and ser\ 
arranged 
Abstracts 
included. 


references are 
author. 
of the articles are not 

The 66-page publication, eompiled 
by Leo Weaver, of the Division of 


Wes, 


Sanitation, contains close to 1,000 
entries from U. S. and British and 
other foreign professional journals and 
periodicals, on such subjects as street 
garbage in- 
cineration, garbage disposal with sew- 
age (kitchen sink grinders), feeding of 
garbage to hogs, and operation of sani- 
tarv land-fills. 

A copy of the bibliography, *‘ Refuse 
Collection and Disposal,’’ 
tained on 
(reneral, U 
attention of Division of 
Washington 25, D.C. 


cleaning, collection 


mav be ob 
request from the Surgeon 
S. Public Health Service, 


Sanitation, 
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Almost all complete treatment of 
sewage is inevitably a biological treat- 
ment. First of all, sewage treatment 
is a degradation of complex organic 
matter—proteins, carbohydrates, and 
lipids—to less complex compounds, the 
ultimate goal being the production of 
methane, carbon dioxide, hydrogen sul- 
fide, and salts, especially nitrates. In 
actual practice, decomposition of the 
putrescible matter usually is not ear- 
ried quite to this ultimate in sewage 
treatment plants for economic reasons. 

Secondly, few methods of treatment 
produce an environment unsuitable to 
some form of life. The various anaerc- 
bic methods are favorable to an enor- 
mous development of bacteria, fungi, 
and less well known organisms. <Aero- 
bic methods not only produce large 
numbers of the same organisms, but in 
addition produce protozoa, rotifers, 
worms, some lesser known groups and, 
often, crustacea, insects, snails. 
Combinations of aerobic and anaerobic 
methods, as in digestion followed by 
contact aeration, expose the sewage to 
two types of organisms and seem to 
offer the best possibility of complete 
degradation, especially needful in the 
case of sulfur compounds. However, 
the steps apparently should be succes- 
sive and not combined. Thus, in high 
rate filters and Hays process treatment 
plants a partial anaerobiasis sometimes 
obtains, and digestion and oxidation 
are none too successful. If the sewage 
is treated with heat, chlorine, or other 
chemicals, the biological action is usu- 
ally only delayed or long drawn out, 
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for such treatment does not destroy the 
putrescible matter in sewage, but only 
stops biological action temporarily. 
Hall (1), for example, stated that chlo- 
rine did not oxidize a sewage effluent 
sufficiently to prevent its becoming a 
nuisance later, because the chlorinated 
material stimulated a very heavy algal 
growth in the receiving stream. It 
must be remembered, however, 
nitrates, sulphates, phosphates, and 
other such salts are a preferred form 
of fertilizer for green plants. 

The importance of this biologie ac- 
tion has long been known, but specific 
details concerning it are so frequently 
asked that a summation of existing 
knowledge and the direction of future 
investigation seems to be in order. A 
list of the papers on biologie aspects 
of treatment from 1920 on would be 
very long, but this biologic phase of 
the work still suffers from a lack of 
concerted and correlated attack. 


Anaerobic Biology 

What of the biology of anaerobic 
treatment? All anaerobic treatment 
seems to have substantially the same 
biologie features. This is due to (1) 
a lack of oxygen; (2) the presence of 
at least some hydrogen sulfide; and 
(3) relatively uniform conditions of 
temperature, light, ete. It seems to be 
generally assumed that most digestion 
of this type is carried out by bacteria, 
and direct examination reveals no 
macroscopic life, although in anaerobic 
streams, storage lagoons, and such situ- 
ations occasional worms and insect lar- 
vae occur. The visibly active inhabi- 
tants are generally bacteria, together 
with about 18 species of protozoa di- 
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vided almost equally among flagellates, 
ciliates, and amoebae. None of these 
generally are present in large numbers, 
and often the protozoa are extremely 
scarce, thus practically precluding any 
large role for protozoa in normal anae- 
robie digestion. 

With regard to the bacteria 
fungi, the earliest studies first pro- 
vided surveys. As an example of such 
surveys might be mentioned the early 
survey of Gaub (2) at New Brunswick, 
and the papers of Hotehkiss (3, 4, 5) 
and Heukelekian e¢ al. (6, 7,8). There 
are many other excellent papers on the 
bacteriology of sewage treatment, but 


and 


the papers cited above represent sur- 
vey work; and survey work is basic 
to any true evaluation of types and 
functions of organisms accomplishing 


purification. Some of these surveys, 


and some subsequent ones, extended to 
types or to groups of bacteria and not 
to the identification of species, or even 


genera, nor did they give population 
densities. 
of certain forms were shown, but today 


Sometimes relative densities 


there is no comprehensive listing of 
genera and species, together with ratios 
of expectancy, for Imhoff, septic tank, 
separate sludge, or any type of anae- 
robic treatment. 

There is better information as to 
function and environmental occurrence. 
Thus, we are well informed about cellu 
methane 
thermophilic bacteria, hydrogen sulfide 
tolerant bacteria, ete., as groups. There 
much about the 
action of species, genera, or groups on 


lose digesters, producers, 


is also information 
sewage, and about the survival or de- 
velopment of bacteria in sewage. These 
are largely experiments, 
necessary and of great value. 


laboratory 
For an- 
aerobes, the methane bacteria studies of 
Heukelekian and Heinemann (9) rep- 
resent almost the only specialized in- 


formation comparable to the work of 


Butterfield and Wattie (10, 11, 12) on 
the aerobie zooglea. 


Direct microscopic examination of 


SEWAGE WORKS JOURNAL 


July, 1949 


anaerobie sewage solids under diges- 
tion, using diameters of approximately 
100X, 440X, or 1600X, fails to show ex- 
cessively large numbers of motile bae- 
teria. Large counts are obtained, as 
might be expected, by culture methods; 
but such methods still give a very in- 
complete picture of the numbers of 
bacteria carrying on the process of di- 
gestion. Better comprehension of the 
process would be possible if the kinds 
and numbers of bacteria actually at 
work were known. 

Because the active number of such 
bacteria seems low on direct examina- 
tion, yeasts, filamentous fungi, and acti- 
nomycetes may Here 
again, a disappointing quantity of vis- 
ibly viable forms is encountered; eul- 
tural examination for such forms that 
might be actively digesting anaerobic 


be looked for. 


sewage solids has been sadly neglected. 

Actually, then, it appears that virtu- 
ally no animal life is known to be a 
part of anaerobie sewage digestion; 
that such digestion is assumed to be 
largely a bacteriologie process, but that 
too little is known of the species and 
numbers of bacteria doing this work; 
and that the yeasts and other fungi 
possibly concerned are very little 
There is here a fertile field 
of investigation for a mycologist. 

The protozoa of anaerobic 
are fairly well known (13, 14), except 
for those which oecur sporadically. It 
should be noted that the writer has 
never found any of them in large num- 
bers in plants functioning normally. 
The most numerous have been the 
flagellates Trepomonas, Tetramitus, 
and Trigonomonas, in that order. Such 
other flagellates as have been found 
have occurred so seldom they might be 
called adventitious. Next in impor- 
tance have been the amoebae, the very 
small genera Vahlkampfia and Hart- 
manella being commonest. The ciliates 
Metopus Trimyema and Saprodinium, 
with oceasional other bizarre forms, 
rank third. 


known. 


sewage 
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Dual Biologic Population 


Although these protozoa occur in 
wholly anaerobic situations, they are 
apparently facultative anaerobes and 
can live in the presence of oxygen. In 
Ilays process treatment plants, which 
employ contact aeration, sewage which 
had undergone no treatment beyond 
primary settling flowed past plates 
on which a biological film developed. 
The air blown into these tanks was 
abundant, yet a huge population of the 
above-mentioned anaerobic protozoa 
developed in the film. The flagellates, 
most abundant, were saprozoie, but the 
ciliates and the amoebae, at least to 
some extent, ate bacteria. Relative 
numbers of organisms in three types 
of processes are shown in Table I. It 
should be stated, however, that the 
Hays process plants frequently con- 
tained additional huge populations of 
aerobic protozoa, rotifiers, and other 
animals often found in trickling filters, 
plus vast quantities of purple, brown, 
and green bacteria, and the identify- 
able sulfur bacteria Beggiatoa and 
Chromatium. Inasmuch as the colored 
bacteria occurred at the tops of the 
plates in the light, it may be inferred 
that they were autotrophic bacteria. 
Why they should be common only to 
this type of plant is enigmatic, unless 
their metabolism is dependent on sul- 
fur. Patches of purple bacteria often 
occur around the tops of sewage treat- 
ment plants, but not in the numbers en- 
countered in these Hays plants. Sul- 
fates were abundant in the waters in 
question, and the numbers of sulfur 
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bacteria indicated they reduced the 
SO,. Usually, a smell of H,S also was 
present. But how was this reduction ac- 
complished in the presence of abund- 
ant oxygen? Sewage has a high oxygen 
demand and the oxygen acceptancy of 
this particular type of plant was prob- 
ably equal to the amount available. 
Assuming a full utilization of avail- 
able oxygen by oxidizable sewage, bac- 
teria and aerobic animals left ideal 
conditions for the anaerobic organisms 
—immediately available food, turbu- 
lence, and a physically suitable sub- 
stratum. The result was the co-exis- 
tence of two large but morphologically 
and metabolically different populations. 

That the biota of Hays plants is un- 
usual applies only to the variety and 
abundance of bacteria, especially the 
autotrophic and sulfur forms, and to 
the numbers of facultative anaerobic 
protozoa. Many of the plants investi- 
gated were inefficient in purification; 
they were malodorous, they did not 
sufficiently reduce B.O.D., and the 
effluent contained too many bacteria. 
Evidently, for handling loadings com- 
parable to those of activated sludge or 
Imhoff tank-trickling filter plants, the 
aerobie and anaerobic processes are not 
successful as simultaneous treatments. 


Aerobic Processes 


Activated sludge and trickling filters 
contain an essentially similar group of 
organisms as far as exact knowledge 
goes. Zoogleal bacteria are probably 
most abundant, and both types of 
plant contain filamentous bacteria and 


Imhoff Tank 


Type of Organism 


Hays Plant Trickling Filter 


0 7 15 5 1 | 3 | 5 
Ciliates 1,272 848 636 18,450 | 131,000 | 40,800 | 10,000 
Flagellates 3,816 10,176 | 7,632 | 135,000 | 67,700 | 80,000 | 353,900 
Rhizopods | 57,000 15,900 | 12,800 19,200 
Metazoa | = 9,400 | 10,200 6,400 
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filamentous fungi, although these last 
are usually more abundant in trickling 
filters and may be of different species 
from those of activated sludge. Species 
of protozoa are abundant and fre- 
quently vary from plant to plant, but 
functionally the same types are found. 
Rotifers, nematode worms, tardigrada, 
water mites, annelid worms, insect lar- 
vae, and snails usually oceur, often in 
huge numbers, but often some one or 
more of these is lacking, perhaps be- 
eause of the competition offered by a 
dominant form. Aeoslosoma hemprichi 
sometimes activated sludge 
in sufficient numbers to lend a pinkish 
tinge, and when this occurs other forms 
frequently decrease in number. When 
such an environment becomes anaero- 
bie, as sometimes happens in high rate 
filters, there is a quick loss, with death, 
of these aerobes. 

The kind, number, and role of many 
bacteria in aerated treatment is suffi- 
ciently known to need scant comment 
here. This is especially true of the 
zoogleal types. There is still need, 
however, of a more detailed enumera- 
tion of many of the freely motile forms, 
the spirilli, and the attached chain 
formers such as Mycoides and the 
Chlamydobacteriales. Not even the 
taxonomy of this last group is well 
known, and when an organism like 
Sphaerotilus is a factor in bulking it is 
accorded plenty of attention. However, 
its possible function in the assimilation 
of carbohydrates (15, 16 
ficial importance, hence should likewise 
be studied. Sphacrotilus or 
closely allied form occurs in both acti- 
vated sludge and trickling filters in 
great abundance short of bulking, but 
only when it causes trouble is it stud- 


ied. 


occurs in 


is of bene- 


some 


Aerobic Fungi 


There is also considerable general 
knowledge of the more common fungi 
(17, 18) in aerobic treatment, but only 
a few have been fully identified. The 
operator has almost no chance of recog- 
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nizing one which might be a cause of 
trouble, as was the case at Chicago a 
few years ago when one species grew 
so abundantly on the diffuser plates 
as to gradually dangerously limit the 
admission of air. It is known that 
filamentous organisms tend to secure 
(bind) the film on stones and also act 
as a center for floc formation in acti- 
vated sludge. Just as certainly, how- 
ever, Zooglea can form floes on any 
other base or with no base at all, and 
just as certainly they can be effective 
in reducing B.O.D. in the absence of 
any other organism, whereas the pos- 
sible role of other bacteria and fungi 
in reducing B.O.D. has never been 
shown satisfactorily. 

Besides the filamentous fungi, diffi- 
cult to recognize as working (alive) or 
dead, there many other colorless 
plants (possibly yeasts and actinomy- 
cetes), which are virtually unmentioned 
in the biology of sewage treatment. 
Their very abundance indicates a large 
role in purification, but what that role 
may be awaits further research. 


are 


Aerobic Animals 


The animals of aerated processes are 


much better known, at least as to 
kinds. The protozoa are generally di- 
vided into those known to eat bacteria, 
and those about whose food there is un- 
certainty. There is a tendency, how- 
ever, to accept the current lists as 
being inclusive, and to neglect those not 
definitely listed. For example, there is 
probably no more abundant species 
than Diplophrys archeri, but this very 
small rhizopod is almost unmentioned. 
Its huge numbers and rapid multipli- 
cation ought to make it important, but 
the manner of its importance is un- 
known. There is too little experi- 
mental work on the activities of pro- 
tozoa. It is easy to grow many of them 
as bacteria-free cultures in flasks, and 
it would be a short step to develop 
such cultures and try to feed them on 
sewage, or to them into 
sterile sewage under aeration, or into 


introduce 
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sewage with a single species of bac- 
teria. Work of this sort would lead 
out of the field of speculation and we 
permit experimental work on a plant 
scale. After all these years there is 
still no satisfactory way of enumerat- 
ing the number of stalked ciliates 
(Vorticellidae) in a given volume of 
film or activated sludge. Nevertheless, 
the genus Vorticella has been stated to 
be one of the best indicators of the 
condition of activated sludge (19) and 
there is no doubt that Vorticellidae, 
because of their vast numbers, are 
capable of maintaining the biologic bal- 
ance by tending to keep bacteria in 
check. 

Little need exists for listing and 
showing the animals of aerated sewage, 
as many such lists are available. It is 
known that an organism such as Para- 
mecium may be abundant in one plant 
but may be practically lacking in an- 
other, whereas the second may have a 
large population of Blepharisma. Both 
are bacteria eaters and presumably all 
such animals, whether protozoa, roti- 
fers, or something else, keep the bac- 
teria at a constant high reproductive, 
and therefore metabolic, level. At 
any rate, the over-all picture of sludges 
or films with an abundant and diversi- 
fied animal population is one of a con- 
stant high B.O.D. removal, and a clear 
non-odorous effluent. 

There are plants, however, where 
some single organism is vastly abund- 
ant. Psychoda larvae, snails, and 
worms fit this category. The nuisance 
value of Psychoda has resulted in ef- 
forts to control it, and apparently this 
problem has been solved. Another 
question, however, concerns the pos- 
sible film removal activities of all three 
types. This should be tested, on a plant 
scale, to see whether enough film is 
eaten to interfere with B.0.D. removal, 
when the organisms are present in 
such quantities as at Oxford, Ohio 
(snails) or at Springfield, Missouri 
(worms). The problem has been par- 
tially dealt with by the use of D.D.T. 
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in a number of places (20), but ap- 
parently not from the standpoint of 
an effect on B.O.D. removal. Tomlin- 
son (21) states that D.D.T. had no 
deleterious effect on purification, when 
used to kill Anisopus and Psychoda. 
Brown (22) investigated the occur- 
rence of snails at Champaign-Urbana 
(Ill.) and at Fort Worth (Texas), and 
found they ate organic matter, infer- 
ring that they reduced the number of 
bacteria. Most of the work ascribed to 
these higher organisms, however, is 
largely summarized by Reynoldson 
(23), who decided that they kept the 
beds open, provided good aeration, and 
reduced ponding. These are useful 
functions. If they lower B.O.D. re- 
moval—Van Kleeck (24) claimed that 
chironomid larvae impaired purifica- 
tion by eating the sludge—it should be 
known so that it could be dealt with. 


The Atomic Age 

Sewage has been treated for about 
50 years, and today there is a large 
investment in expensive’ treatment 
plants. The American public is acutely 
conscious of the needs for efficiently 
functioning plants, for the protection 
of watersheds and water supplies, and 
for the elimination of pollution of 
streams and lakes. All of which makes 
an opportunity and a_ responsibility 
for those interested in sewage treat- 
ment. Plant superintendents and op- 
erators are an alert and forever-on-the- 
job group, and as a rule when some 
phase of plant malfunctioning occurs, 
they work at it until the problem is 
licked. Their troubles show little sign 
of decreasing, for they are constantly 
called on to treat more and more in- 
dustrial wastes and still produce an 
effluent ‘‘clear, sparkling, and satu- 
rated with oxygen.’’ A recent maga- 
zine article (25) contains the state- 
ment, ‘‘Suppose, now, that we are 
draining into a sewer, stream, or bay, 
radioactive wastes sufficiently diluted 
...,’’ which puts the operator squarely 
in the atomic age and warns him that 
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he must learn whether isotope 


will 


ruin his 


or perhaps plutonium, 
film or sludge. 


Much Still Unknown 


Mechanical and chemical problems 
are susceptible to rule of thumb or 
analytic solution. All too frequently, 
however, an operator’s headache is of 
a biological nature, and too little is 
still known of this process. Things 
that must be known are: first, more 
precise information on the species of 
each group of organisms working in 
treatment plants; second, the relative 
abundance of each, so that no impor- 
tant (numerically or volumetrically) 
organism is neglected; third, the range 
—not the optimum, but the range— 
of environmental conditions under 
which the organism works; and fourth, 
the work accomplished—whether a 
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small segment of the purification 
process, or a large one. ° 

How can the plant superintendent 
or operator obtain this information? 
The basie need for precision in sewage 
treatment today is intensive research 
in sewage biology; a questing by com- 
petent bacteriologists, mycologists, and 
zoologists concerning the organisms 
cultivated in treatment plants. 
most any treatment plant today has 
a good microscope as part of its stand- 
ard equipment, and when something 
goes wrong the harassed operator stud- 
ies a slide. However, unless the pre- 
dominant organisms mean something 
to him, nothing is gained. 

The larger treatment plants can each 
support some phase of biologie research, 
just as they do other experimental 
work, and correlation of the results will 
vo far towards standarization of tests 
and interpretation of results. 
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THE BIOLOGY OF SEWAGE TREATMENT—A DISCUSSION 


By Gerarp A. 


Associate Professor, Laboratories of Hydraulic and Sanitary Engineering, 
University of Wisconsin, Madison, Wis. 


The difficult task of summarizing, in 
a brief paper, the vast amount of work 
that has been done on the biological 
aspects of sewage treatment, has been 
ably performed by Dr. Lackey. We 
are fortunate in having his continued 
interest in this subject, which as he has 
pointed out, still offers a fertile field 
for investigation, and even more so for 
a correlation of some of the results 
thus far obtained. 

Definite progress, however, has been 
and is being made in understanding 
and controlling some of the funda- 
mental biochemical reactions that take 
place in the various unit processes of 
sewage treatment works. The early 
biological survey work on sludge di- 
gestion by staff members at the New 
Jersey State Experiment Station, re- 
ferred to by Dr. Lackey, has been fol- 
lowed by more detailed studies on the 
methane producing bacteria by Heuk- 
elekian and others (1). More recently, 
the report of Buswell (2) on the isola- 
tion of the Methano sarcina form ¢a- 


pable of producing methane from 
calcium acetate has, in his own words, 
‘‘opened up the possibility of the con- 
trol of the digestion process in a man- 
ner approaching that used in other 
fermentation industries, so that it 
would now appear quite feasible to 
prepare cultures in large quantities 
which would carry a sufficient number 
of the proper organisms so that a reas- 
onable amount of inoculum would in- 
sure rapid digestion in a new tank, or 
in an old tank which is operating un- 
favorably.’ 

The unusual biological conditions in 
the Hays process plants referred to by 
Dr. Lackey are of particular interest. 
It is to be remembered that the spacing 
between the contact plates in most of 
these plants was about 1% in., and 
that in many of the plants, although 
a more than adequate air supply was 
provided (as compared to activated 
sludge), there was poor distribution 
of air and short circuiting. Although 
to the naked eye there existed ‘‘side 
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by side two large but morphologically 
and metabolically different popula- 
tions,’’ in microscopic distance they 
were widely separated, thus making it 
possible that reduction occurred on the 
underside of the film where anaerobi- 
asis was dominant. It is believed that 
a similar condition oecurs in lakes 
having a heavy ‘‘bloom?’ Although, 
by test, the water may have a high 
oxygen content, anaerobic decomposi- 
tion does occur in the thin film on the 
surface where the organie material 
from the dead organisms is present. 
Dr. Lackey has pointed out that the 
role of bacteria in aerated treatment 
is well known, but that additional ex- 
perimental work on the activities of 
protozoa (and, it might be added, other 
higher forms of life) is needed. This 
is all too true. In the activated sludge 
and trickling filter processes bacteria 
exist in large numbers. Being in the 
limelight they are usually given the 
credit for the success of the process, 
with the protozoa usually considered 
as serving only as regulators of bae- 
terial numbers. Cramer (3) and Wag- 
ner (4) demonstrated this regulatory 
function of the protozoa several years 
Wagner used a small model sew- 
age purification tank, to which was 
added such inhibitors as quinine sul- 
fate and potassium cyanide to destroy 
the protozoa and allow the bacteria to 
grow. The latter increased tremend- 
ously in numbers, but the sewage puri- 
fication was adversely affected. On 
renewal of the protozoan fauna, the 
bacteria were again reduced in num- 
bers, but the purification was restored 
to its original high efficiency. This is 
well known at present and consider- 
able additional work and _ verification 
of this study has been made by others. 
More recently Hardin (5) and Wat- 
son (6) showed that, in addition to 
acting as regulators of bacterial popu- 
lation in aeration processes, the pro- 
tozoa also brought about flocculation of 
bacteria. Hardin worked with the 
flagellate, Oikomonas termo, and Wat- 


aZo. 


SEWAGE WORKS JOURNAL 


July, 1949 
son with the  holotrichous ciliate, 
Balantiophorous minutus. Watson 
points out the power of this organism 
in causing flocculation of the bacteria 
on which it feeds, a property which he 
“obviously of value to the or- 
ganisms themselves, since it facilitates 
the collection of food bacteria; and 
may also be of importance in sewage 
purifiecation.’’ The feeding mechanism 
involves the production of mucus, se- 
creted within the peristome, to which 
the food bacteria adhere before being 
ingested, and are thus prevented from 
being swept out by ciliary currents. 
This mucus has found gradu- 
ally to accumulate in the culture 
fluid and as it is not a diffusible sub- 
stance, it remains in the neighborhood 
of the ciliates themselves. The result- 
ing local increase in the viscosity of 
the culture medium causes the en- 
tanglement and flocculation of the bac- 
teria. When examined under the micro- 
scope the floc shows that the bacteria 
are cemented 


states is 


been 


together by an amor- 
phous substance, which by means of 
staining shows the 
mucin. 

The 


manyan (7) 


characteristics of 


Pillai and Subrah- 
in India, however, appears 


work of 


to place undue emphasis on the role 
of the protozoa. The ciliate Epistylis 
sp. was used in their studies, and they 
concluded that ‘‘the isolated protozoa 
bring about practically all the 
changes associated with the purifica- 
tion.’’ The part played by the bac- 
teria is claimed to be almost negligible. 
They state that further 
available to show that 


can 


evidence is 
the conditions 
affecting the life and activity of the 
protozoa also affect the efficiency of the 
purification. In examining sludges 
from activated sludge and other aero- 
bic systems of treatment from various 
parts of India they conclude that the 


presence and active functioning of 


protozoa is evident wherever the puri- 


fication is proceeding satisfactorily, 


and that if the protozoa are absent or 
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found dead or encysted, there is no 
purification. Further investigation 
along these lines is warranted. It is 
questionable that the role of the bac- 
teria is almost negligible, as has been 
stated by these workers. 

All these findings present a new as- 
pect of the role of the protozoa in the 
field of sewage treatment, and point 
the need for further study on not only 
these organisms, but also on other 
higher forms of life. The complexity 
of the subject is such that no simple 
explanation will suffice. The truth of 
this was well worded in one of the 
early reports of the New Jersey Agri- 
cultural Experiment Station which 
stated, ‘‘the living aggregate of associ- 
ated organisms rather than any simple 
type or group of creatures is signifi- 
cant in the purification of sewage.’’ 

Dr. Lackey has outlined very clearly 
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and concisely in his four points the 
information needed for a fuller under- 
standing of the biology of sewage 
treatment. The importance of biology 
is not limited to the treatment of sew- 
age alone, but, as is well known, is of 
vital importance in the ecology of our 
lakes and streams, and also in the 
proper application and understanding 
of such tests as the B.O.D. determina- 
tions, in which the presence or ab- 
sence of certain flora and fauna can 
greatly modify the results that are 
obtained. Attention recently has been 
called to the effect of the nitrifying 
organisms in inereasing the B.O.D. 
values, and to the effect of toxie sub- 
stances in depressing the magnitude of 
the B.O.D. These are subjects beyond 
the scope of the paper, however, but 
emphasize the need for the further 
work as outlined by Dr. Lackey. 
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Industrial Wastes 


By 


Like most industries in the United 
States the dairy industry has organ- 
ized on a nationwide basis to study the 
waste disposal problem. The major 
element in this effort is a Task Com- 
mittee on Waste Disposal, appointed 
by the Subcommittee on Dairy Stand- 
ards and consisting of representatives 
of the various branches of the indus- 
try. Its functions include the collec- 
tion and dissemination of information 
on subjects relating to the disposal of 
the waste from the industrial processes. 
The Task Committee is also to be of 
general assistance to the various mem- 
bers of the industry on their individual 
problems. 

About a year ago an agreement was 
made between the Task Committee and 
the Engineering Experiment Station, 
Michigan State College, to cooperate 
on certain phases of the studies being 
considered. These cooperative activi- 
ties were to include the collection and 
publication of information on practical 
methods of waste prevention, and pilot- 
plant and full-scale studies of waste 
treatment. Because as much of the 
material relating to waste prevention 
has been collected and will be pub- 
lished in detail in a bulletin of the 
Task Committee, reference in this 
paper to waste prevention is limited to 
a discussion of the results of a specific 
problem. 

Two plants were selected for the 
study of waste treatment. The first 
* Presented at Twenty-first Annual Meet- 
ing, Federation of Sewage Works Associa- 
tions; Detroit, Mich.; October 18-21, 1948. 
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was the full-scale activated sludge 
plant located at the Belle Center 
Creamery and Cheese Company, Belle 
Center, Ohio; the second was a pilot- 
plant designed and built by the Sta- 
tion on the premises of the Detroit 
Creamery Company at Ovid, Mich. 

The studies at Belle Center have 
been completed and considerable infor- 
mation has been collected. However, 
as it is a full-scale plant it was not 
sufficiently flexible to allow the varia- 
tions necessary for a research study. 
The most valuable and significant re- 
sult of the operation of this plant has 
been the consistently excellent effluent 
obtained under widely variable condi- 
tions. The work at Ovid has only been 
underway for a short time and the in- 
formation collected to date is rather 
meager. Because the subject of milk 
waste disposal is too large to be covered 
in its entirety in this paper, the ma- 
terial herein presented is limited to 
that collected since the work for the 
Task Committee was started. 


Waste Prevention 


It is a demonstrated fact that waste 
prevention measures, when properly 
applied, will do more toward the re- 
duction of the strength of the wastes 
discharged from a milk products plant 
than can be accomplished with the 
same effort applied to waste treatment. 
Such measures appear to be more 
easily applied to milk plants than to 
most other types of industries. The 
first item, therefore, of a waste disposal 
program should be waste prevention. 
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This item requires ingenuity on the 
part of the plant management, and the 
cooperation of the employees. It is 
definitely tied in with plant operation. 

When the writer undertook a study 
of the waste disposal problem of the 
Belle Center Creamery Company last 
year a program of waste prevention 
was initiated for the receiving room and 
cheese operations.. This was prelimi- 
nary to the design of treatment facili- 
ties. 

Normal operations, as represented 
by the B.O.D. results obtained during 
the first week, showed a waste varying 
from 240 to 1,200 lb. of B.O.D. per day. 
It is obvious that to provide adequate 
treatment for such a variable load 
would not be practical and would be 
very costly, as it would be necessary to 
design for the maximum load.  Al- 
though the results of the prevention 
program show that the waste was re- 
duced from an average of 500 Ib. to 
150 Ib. B.O.D. per day, the most sig- 
nificant result as far as waste treat- 
ment is concerned was the production 
of a waste of more uniform load. This 
is an essential factor in the successful 
operation of a waste treatment plant 
and the lack of such uniformity is un- 
doubtedly the explanation for unsue- 
cessful operation in many existing 
plants. There is no legitimate reason 
for wide variations in the waste from 
milk plants. Such variations indicate 
carelessness and lack of understanding 
on the part of the management and em- 
plovees. 

The waste prevention program at 
Belle Center resulted in a reduction of 
from 60 to 70 per cent of the B.O.D. 
load to be treated. The milk intake 
was not responsible for the reduction, 
as during this time the intake increased 
about 50 per cent. The major items 
responsible for the reduction were: 


1. The collection of drip and first 
rinse from the can washer. 

2. The collection of first drainage 
from raw milk storage tanks. 
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3. The installation of electronic 
alarms on storage tanks to prevent 
overflow. 

. A direct connection between whey 
pump and piping and the cheese 
vats. 

5’. A pan under the cheese press to 
collect the press water. 

. An educational campaign among 
plant employees. 


Activated Sludge at Belle Center 


A flow diagram of the activated 
sludge plant at the Belle Center Cream- 
ery and Cheese Company is shown in 
Figure 1. This plant was originally 
designed for another process and later 
adapted to activated sludge. For this 
reason, some of the features might have 
been different had they been originally 
designed for this process. 

The waste from cheese operations 
and the condensate from the vacuum 
pans (supplemented by waste from a 
milk sugar operation when it is desired 
to increase the load) flows to an equal- 
izing sump. Air is applied in this 
sump to prevent septic action and odor 
production. Two pumps are used to 
lift the waste to a division box, where 
the desired quantity is discharged to 
each of two aeration tanks. These 
tanks are divided into three ecompart- 
ments to prevent short-circuiting. The 
effluent from each aeration tank flows 
to a separate clarifier so that there are 
in reality two separate activated sludge 
units in this plant, each consisting of 
an aerator and clarifier. The effluent 
from the clarifiers flows through a weir 
box to the outfall sewer. 

Return sludge from each clarifier is 
lifted by an air-lift pump to a weir box, 
from which it flows into the respective 
aeration tanks. Excess sludge is col- 
lected in a small concentration tank, 
from which the concentrated sludge is 
pumped to the digester and the upper 
liquor discharged to the effluent weir 
box. 

Air is supplied by three positive 
pressure blowers of 250 ¢.f.m. capacity 


ae 
i 
3 
rd 
= 
| t, 
: 
3 
te 
Wha 


670 


each, one of which is used as a standby. 

Self-cleaning jet diffusers are used in 

the aeration tanks. The capacities of 

the various units are as follows: 
Preaeration sump. 
Aerator, total 
Clarifiers, total 
Digester 


12,500 gal. 


23,950 gal. 
11,450 gal. 

Conditions at Belle Center require 
an effluent B.O.D. below 50 p.p.m. and 
a waste flow not greater than 35,000 
g.p.d. at all times. This requirement 
made accurate control necessary and 
handicapped the experimental work to 
some extent, as it was not possible to 
attempt variations which would ad- 
versely affect the effluent. 

Table 1 shows the results of the 
plant operation for a typical month 
(July, 1948). These results indicate a 
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considerable variation in the B.O.D. 
load applied—136 to 350 Ib. per day. 
This variation did not materially affect 
the effluent, as for the most part the 
loading was below the capacity of the 
plant as established by the operating 
data. The average load for the month 
was 243 lb. per day; the average efflu- 
ent b.0.D., 11 p.p.m. 

Using the data given in Table 1, to- 
vether with the capacity data previ- 
ously given, it is apparent that: The 
average aeration period based on raw 
waste flow was 20.6 hr., and based on 
total flow, including return-sludge, was 
4.9 hr.; the average detention period in 
the clarifiers was 5 hr.; and the average 
overflow rate of the clarifiers was 115 
g.p.d. per sq. ft. It is recognized that 


the elarifiers are probably larger than 


| 
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FIGURE 1.—Flow diagram of Belle Center Creamery activated sludge plant showing: 
(1) aerated influent sump; (2) division box; (3 and 4) aerators; (5 and 6) clarifiers; (7) 
sludge concentrating tank; (8) digester; and (9) effluent weir box. 
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TABLE I.—Results of Activated Sludge 
Treatment, Belle Center Creamery 
and Cheese Company 


Raw Waste Final 
Effluent 
B.O.D. 
(p.p.m). 


| B.O.D 
(p.p.m.) | 


Flow 
g.p.d.) | 
38,820 | no test | no test 

| 36,120 | 1,052 316 | 5 

| 19,395 973 : 7 

| 24,480 960 95 | 10 

37,410 963 | 12 
28,800 | 1,031 | 246 7 

| 35,100 | 1,207 | 35 19 

| 33,500 | 1,067 | 296 9 
30,450 | 1,015 256 5 
32,130 933 24s | 13 
32,500 no test | no test 

| 23,280 972 { | 34 

| 2OS35 


no test no test 


30,485 11 

30,780 845 | 216 19 

| 36,720! 550 | 16 8 

| 36,200 26 36 
- | no test 


30,340 
20,580 
25,860 
| 33,390 
| 32,520 | 1,273 
24,060 | 1,030 
| 20,820 787 
| 23,520 | 1,013 
37,920 925 
27,420 922 
31,440 925 
35,160 770 
36,330 855 


no test 
1,127 
1,200 
1,063 


Average | 30,353 936 


necessary, but because they were exist- 
ing structures they were incorporated 
in the plant without change. There is 
one advantage in the low overflow rate ; 
no matter how bulky the sludge, very 
little ever passes over the weir of the 
clarifiers. 

The results of the operation of the 
activated sludge process with the waste 
at Belle Center, which may be consid- 
ered a typical cheese factory waste, 
somewhat establish the following fae- 
tors: 


1. The minimum aerator capacity to 
insure an effluent B.O.D. consistently 
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below 50 p.p.m. should be 80 gal. per 
pound B.O.D. per day. At least this is 
the case where the aerator-clarifier ca- 
pacity ratio is 1 to 1. Under these 
conditions, the present two units at 
Belle Center are capable of treating a 
B.0.D. load up to 300 Ib. per day. 

2. The volumetric loading is natu- 
rally dependent on the B.O.D. concen- 
tration of the waste. In the case of a 
waste having a B.O.D. of 1,000 p.p.m., 
which is considered typical for dairy 
wastes, the volumetric detention period 
should be about 16 hr. based on the 
raw waste flow. 

3. A dissolved oxygen content of 1 
to 4 p.p.m. in the aerator and a trace or 
more in the clarifier must be main- 
tained. 

4. The percentage of return-sludge 
flow depends on the B.O.D. concentra- 
tion. Considerable work is still neces- 
sary to establish the return-sludge 
ratio to raw waste flow. However, it 
appears that within a range of from 
800 to 1,400 p.p.m. B.O.D. the flow of 
return sludge will vary from 600 to 
700 per cent of the raw waste flow. 

5. The required suspended solids 
concentration in the mixed liquor will 
vary from 5,000 to 6,000 p.p.m. where 
the waste treated has a B.0.D. within 
the range indicated above. 

6. The optimum settling character- 
istics of the solids in the mixed liquor 
appears to be that which will produce 
300 ml. of sludge per liter of liquor in 
a period of one hour. However, with 
the aerator-clarifier ratio of 1 to 1 as 
exists at Belle Center, even the liquor 
with a settling rate up to 800 ml. per 
liter in one hour usually produces a 
satisfactory effluent. In fact, the efflu- 
ent from slow-settling or bulky sludge 
appears to be much better clarified 
than that with sludge which settled too 
rapidly. Overloading usually pro- 
duces a bulky sludge due largely to 
under aeration or lack of sufficient 
time to complete the oxidation process. 
Excessive carbohydrate to protein 
ratio also tends to produce a light 
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sludge and a change in the type of or- 
ganisms which predominate in the 
sludge. Bulking sludge, however, is 
not as objectionable with high concen- 
tration waste as it is with domestic 
sewage, as the low volumetric load 
allows a lower overflow rate in the 
clarifier. 

7. The optimum air requirement 
using the jet diffuser was about 1 to 
1.2 ¢.f.m. per pound of B.O.D. per day. 
Preaeration required about 0.5 ¢.f.m. 
per pound of B.O.D. per day to prevent 
septie conditions and odors. 

8. The excess sludge volume at Belle 
Center was fairly large and averaged 
about 3,300 ¢.p.d. This volume was re- 
duced in the concentrating tank to 
about 1,300 g.p.d., or a reduction of 
60 per cent. It is obvious that this 
concentrating tank was of value in re- 
ducing the sludge volume to the di- 
gester, and consequently the super- 
natant flow. The detention period in 
the digester based on the July report 
was approximately 9 days, yet it has 
not been necessary to draw digested 
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sludge, even though the digester has 
been in operation for almost a year. 
It is apparent that the solids are com- 
pletely liquified and gasified, which is 
a condition to be expected with organic 
material that contains no fibrous or 
cellulose material. The temperature of 
the digester is maintained at 90° F., 
using steam from the plant. 


Pilot Plant at Ovid 
The pilot plant at Ovid is designed 
for a study of the following items of 
milk waste treatment: 


1. Aeration without return sludge. 

2. Biofiltration with and without pre- 
aeration. 

3. Activated sludge with or without 
preaeration. 

. Sludge digestion using sludge from 
both filtration and activated sludge. 


This plant and the results of its opera- 
tion will undoubtedly be the subject of 
future publications. This does not ap- 
pear to be the appropriate time to go 
into a detailed explanation of this 
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FIGURE 2.—Air requirements vs. B.O.D. reduction. 
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project and the discussion herein is lim- 
ited to some general items of interest 
in connection with this study. 

The primary purpose of the project 
is to determine practical and economi- 
eal design data for the construction of 
treatment units. Each of the combina- 
tions listed above is capable of pro- 
ducing a certain degree of treatment 
and an eftluent of more or less definite 
characteristics. When these character- 
istics are established it will be possible 
to select the type of treatment adapted 
to specific plant problems. 

There are many items in connection 
with waste treatment which affect the 
cost of treatment facilities. These 
items will be studied in view of their 
affect on the efficiency of the various 
processes. For instance, the first item 
selected for this study was a compari- 
son of air requirements and B.O.D. 
reduction using aeration without re- 
turn sludge. Figure 2 gives a curve 
prepared from limited data collected 
to date. The aeration period was 20 
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hours. It is apparent that about 40 
per cent reduction in B.O.D. is accom- 
plished with a rate of application of 1 
e.f.m. per pound of B.O.D., 52 per cent 
with 2 ¢.f.m., 58 per cent with 3 ¢.f.m., 
and 62 per cent with 4 ¢f.m. The 
B.0.D. concentration of the raw waste 
was between 700 and 800 p.p.m. 

The practical use of this data is ap- 
parent. If a satisfactory effluent is 
possible using plain aeration and 2 
e.f.m. of air, this method of treatment 
will undoubtedly prove less costly and 
less complicated than filtration or acti- 
vated sludge. Self-cleaning jets were 
used in the above tests. Eventually 
other types of diffusers will be installed 
and similar tests made to compare their 
efficiencies. 

This is a study that will require a 
long period of time and the collection 
of a large amount of detailed data. 
Its value will be not only in relation to 
milk waste treatment, but also in pos- 
sible applications to the treatment of 
other types of waste. 


BIBLIOGRAPHY ON RADIOISOTOPES AVAILABLE 


A seleeted bibliography, specifically 
designed to acquaint the sanitary en- 
gineer with fundamental information 
on safe use and disposal of radioactive 
materials, has been prepared by the 
Isotopes Division of the U. S. Atomic 


Energy Commission. Major topics 
covered include general popular and 
technical information. radioactivity 
units. and tolerance doses, waste dis- 


posal and tolerance concentrations, 
instrumentation, survey techniques, the 
handling of radioactive materials, and 
radiation shielding. 

Copies of the 3-page mimeographed 
circular may be obtained by request- 
ing ‘‘Isotopes Division Circular B-8’’ 
from the U. S. Atomie Energy Com- 
mission, Isotopes Division, P. O. Box 
E, Oak Ridge, Tenn. 
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WASTES FROM CHEMICAL MANUFACTURING * 


3y RaymMonp W. Hess 


Head of Pollution Research and Operating Improvements, National Aniline Division, 
Allied Chemical and Dye Corp., Buffalo, N. Y. 


The manufacture of a chemical gen- 
erally involves chemical reactions be- 
tween raw materials to give the desired 
product. The same chemical reactions 
and side-reactions usually give by- 
products having little or no value. Re- 
actions that cannot be made to go to 
completion result in leaving some raw 
materials unchanged. Addition of sol- 
vents, diluents and other substances to 
promote the desired reactions, and 
precipitants for isolation of the desired 
material from solution, are frequently 
necessary. Procedures for purifying 
the desired product give additional by- 
products. The resulting mixtures of 
so many kinds of substances, frequently 
in very dilute solution, is so complex 
that, for the most part, they cannot 
be recovered with any monetary return. 
For many, there are no known or 
visualized methods of recovery. Fre- 
quently, there are several pounds of 
these wastes for each pound of the 
desired material. 


Corrective Action 


The chemical industry is attempting 
to determine the nature and extent of 
the need for diverting its wastes from 
public waters by participating in 
stream surveys of receiving waters and 
their capacities for self-purification as 
related to dissolved oxygen, oxygen 
balance, B.O.D., pH, toxicity, solids, 
color, ete. In view of the high costs 
for corrective action with which it, and 
thereby the public, is confronted, the 
industry is greatly concerned about 

* Presented at Twenty-first Annual Meet- 


ing, Federation of Sewage Works Associa- 
tions; Detroit, Mich.; October 18-21, 1948. 
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having these characteristics soundly re- 
lated to the uses of the receiving wa- 
ters. 

Following such a survey, even though 
it may not be fully satisfied with the 
objectives proposed by the authorities, 
a manufacturing plant then proceeds to 
determine its contribution to the total 
pollution load in its receiving waters. 
In this connection it develops related 
data for its sewer outlets by measuring 
volumes and analyzing the effluent 
over an extended period of time. This 
frequently means installation of auto- 
matie measuring and sampling de- 
vices. With few exceptions, such as 
for neutralization of waste acids and 
then only in a few eases, is this ap- 
proach, alone, recognized to be ade- 
quate to determine the nature and ex- 
tent of corrective action needed in the 
interest of sound sanitary science and 
economics. 

Generally, the next step is to investi- 
gate the loads for each pollution char- 
acteristic of concern in major waste 
liquors at their individual process 
sources. This may show that corrective 
action for these wastes alone is ade- 
quate to meet stream requirements. 
Even for such relatively simple pollu- 
tion characteristics as acidity, the in- 
formation developed may lead to 
sounder corrective action related to 
reducing the amount of waste acid 
produced or to handling a much 
smaller volume of liquor in neutraliza- 
tion. 

In view of the high costs for cor- 
rective action, the chemical industry is 
also greatly concerned as to the sig- 
nificance of the standard methods of 
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analyses for pollution characteristics 
in their relationship to the effects of 
wastes on the stream. It is of the 
opinion that the B.O.D. determination 
leaves much to be desired in this con- 
nection, but uses it in the absence of 
some better test. 

It does not have any more confidence 
in chemical methods using permanga- 
nate, dichromate, iodic acid, chlorine, 
etc., for this purpose. In the use of 
these oxidizing chemicals, as a short 
cut for calculating B.O.D., the chemical 
industry finds that there is no gener- 
ally constant relationship to B.O.D. 
Nevertheless, these chemicals have been 
found to be time savers and to be less 
costly for estimating the B.O.D. of dif- 
ferent samples of the same kind of 
waste, for which no definitely related 
methods of chemical analysis for com- 
ponents are known. In case the B.O.D. 
per unit of component and the method 
of chemical analysis are known, analy- 
sis for components may be an even 
simpler method for arriving at the 
B.O.D. 

Experience shows that the methods 
of analysis now used for phenols and 
cyanides, in the presence of so many 
other substances found in process 
effluent and receiving waters, are in- 
accurate. 

As for the determination of sus- 
pended solids, the industry emphasizes 
the importance of having this done at 
the eventual dilution, whether in the 
stream or at the municipal disposal 
plant, as much material which is un- 
dissolved at process concentration may 
be dissolved at greater dilution. The 
industry also desires to have a careful 
distinetion made between unstable and 
inert materials as to their effects on 
receiving waters. 

In regard to the toxicity of its wastes 
to aquatic life, the industry is con- 
cerned about having the tests made in 
the presence of other components 
normally present and at dilutions in 
the area where normal aquatie life is 
sensibly expected to exist. 
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Determination of color in relation- 
ship to its effect on the stream is very 
difficult. A method sometimes used is 
to find out the amount of water re- 
quired to duplicate a platinum-cobalt 
standard. This is called the color di- 
lution value. The amount of dilution 
required will depend on the nature 
and amount of other components in 
the receiving water. Furthermore, the 
amount of dilution required for indi- 
vidual wastes, considered separately, 
usually adds up to a higher value than 
the amount of dilution required if the 
wastes are first mixed together, and 
varies according to the proportion of 
each in the mixture. 

Industry wishes to have critical at- 
tention given to any contention that 
color of wastes alone, aside from other 
properties, has harmful effects in re- 
ceiving waters when the cost of elimina- 
tion is high, as it usually is. A highly 
colored waste may contain a small 
amount of harmless material, whereas 
a colorless waste may have a high 
B.O.D. or be very poisonous. <A solu- 
tion containing a mixture of small 
amounts of pure food colors will have 
a very dirty appearance, but will be 
harmless. 

In connection with diversion to 
municipal disposal systems, when a 
charge is made for chlorine, the in- 
dustry contends that the chlorine de- 
mand should be determined with sew- 
age at disposal plant dilution, rather 
than with a fixed proportion of water 
according to standard methods. It 
has been found that this method gives 
a much lower demand and that it is 
not due, for the most part, to mere 
dilution, but rather to the effect of 
sewage on the waste. 


Corrective Measures Being Investi- 
gated and Applied 
Corrective measures being investi- 
gated and applied by the chemical in- 
dustry for the prevention and abate- 
ment of stream pollution are of the 
following types: 
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Recovery of by-products for plant 
use or sales. 
Modification of productive proces- 
ses to eliminate or reduce pollu- 
tion. 

. Treatment of wastes liquors with 
no monetary return. 
Diversion of waste liquors, with 
or without preliminary treatment, 
to municipal disposal plants. 
Controlled dilution in receiving 
waters. 


The most that can be hoped for, 
with few exceptions, from recovery of 
by-products by the chemical industry 
is partial payment of the costs for pre- 
vention and abatement of pollution. 
Unlike industries, the chemical 
industry was developed from the be- 
ginning by scientific methods to favor 
maximum yields and the utilization of 
all by-products of value. No value is 
visualized at present for most of the 
remaining by-products. Although it 


some 


appears that as a whole, accomplish- 


ments along this line will fall far short 
of the objectives for pollution abate- 
ment, the possibilities of salvage are 
receiving serious attention. 
Something is being accomplished by 
modification of manufacturing proces- 
ses to avoid or reduce pollution, but 
here again the possibilities are dis- 
tinctly limited because of the scientific 
manner in which the chemical industry 
has been developed. Nevertheless, 
processes are being reexamined criti- 
cally for possibilities of reducing ob- 
jectionable by-products. It is found 
that in some cases there are excessive 
amounts of raw materials that can be 
eliminated, in some eases the amounts 
of diluents and solvents ean be re- 
duced, and in other cases the nature 
of materials in waste liquors can be 
altered to be less objectionable. In 
this connection the chemical industry 
is striving to minimize pollution in the 
conceptive, research, and development 
stages of new manufacturing processes. 
After having considered the fore- 
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going possibilities without finding any- 
where near a complete solution to the 
problem, critical examination is made 
of the possibilities for disposal without 
any monetary return. Still practie- 
able methods for diverting all wastes 
from public waters are not found. 
The chemical nature of the wastes and 
their effects on receiving waters are 
so greatly diversified that no one gen- 
eral method of treatment is possible 
and no wholly satisfactory methods of 
treatment for all individual or selected 
groups of wastes are known or visual- 
ized. Chemical, biochemical, or engi- 
neering methods would not be gener- 
ally or even specifically applicable to 
all wastes. Generally, these methods 
require large tracts of land (for mix- 
ing, treating, sedimentation, and hold- 
ing), which are unavailable to some 
plants. Not neutralization and 
evaporation would be a 
technical solution, as volatile materials 
would present atmospheric pollution 
problems of major magnitude. Even 
if no atmospheric pollution problems 
were encountered and if industry could 
bear the extremely high cost, suitable 
repositories for the millions of tons 
of residues cannot be visualized. 

Treatment with no monetary return 
in some includes 
gaseous products discharged to the 
atmosphere, but in most cases the im- 
possibility of conversion to gaseous 
products, as well as the air pollution 
problem, greatly limits this type of 
application. Furthermore, some of the 
present stream pollution problems are 
due to conversion of gaseous wastes to 
liquid wastes to reduce atmospheric 
pollution. 

Diversion to municipal disposal 
plants is being given more and more 
attention; but even here the oppor- 
tunities are distinctly limited and, in 
some very expensive. Many 
wastes are harmful to the structures 
or processes of the disposal plant. 
Some cannot be treated effectively by 
the processes used. For many manu- 
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facturing plants this method of dis- 
posal requires, at least, collection of 
individual or group wastes from 
widely separated areas and installation 
of complicated and expensive sewer 
systems. Sewer taxes for treatment 
may be very high when charges are 
made for chlorine demand and may be 
out of proportion to the sanitary im- 
provement effected. 

Finally, there is controlled dilution 
in receiving waters. One method in- 
volves long periods of holding, and 
discharge during periods of high 
stream flow. Some companies employ 
this method, apparently with satisfac- 
tory results, but the large tracts of 
land or the large volume of receiving 
waters required are not available to 
many plants. Another method involves 
substitution of cleaner water, in place 
of that of the waste receiving stream, 
in process cooling, and discharge into 
the stream after use to aid natural 
parification processes. The possibili- 
ties of this method as a supplement 
to waste treatment is being developed 
for the Buffalo River at Buffalo, N. Y. 
A third method consists of controlling 
the flow in streams so as to be more 
uniform throughout the year, thereby 
providing opportunities to utilize more 
of the stream’s natural purification 
capacity. This would seem to be a gov- 
ernment responsibility. 

The chemical industry realizes that 
the possibilities for all these methods 
must be investigated thoroughly in the 
interest of prevention and abatement 
of stream pollution, but obviously they 
will vary between different plants de- 
pending on the status of development 
for their productive processes, the na- 
ture of their wastes, the land available 
for treatment processes, the nature of 
the public sewage system, the sources 
of water supply, the uses and volume 
of receiving waters, and the nature of 
related atmospheric pollution prob- 
lems. 

Whenever the nature and amount of 
improvement required allows a choice 
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of methods, it is sometimes difficult to 
accept that method which gives no 
monetary return as being less costly 
when that is actually the ease. The 
hope for salvage which will give a 
lower cost is naturally very persistent. 

Chemical plants usually have rela- 
tively few wastes, from a limited num- 
ber of major products, which may rep- 
resent a substantial proportion of their 
pollution loads. These can sometimes 
be treated to advantage individually. 
Many also have wastes from most of 
their products which are unimportant 
individually, but add up to give a pol- 
lution load equal to or greater than 
that for the few major products. In 
most eases, individual treatment is not 
practicable because of the large num- 
ber and small volumes of these wastes. 
The treatment problem for mixtures is 
much more involved than that for the 
major individual wastes because of the 
great number of and variations in 
kinds of components, due to frequent 
changes in the types of chemicals 
produced. The first essential is large 
retention capacity to equalize these 
variations. Furthermore, a_ process 
developed for one plant may not be 
applicable to another because of radi- 
eal differences in the composition of 
waste liquors. 

Methods for practically complete 
elimination of pollution by domestic 
wastes are known, yet they are not 
being fully applied. Methods for com- 
plete diversion of chemical wastes from 
public waters are not known, nor are 
they visualized at any cost at present. 


Soluble Organic Substances 


Soluble organie substances include 
carboxylic acids, sulfonie acids, the 
salts of both, alcohols, aldehydes, 
amines, nitro, sulfur and halogen com- 
pounds, and a host of others. The 
exact composition of many is unknown. 
Generally, they are produced in dilute 
water solutions and, even from a single 
process, are frequently mixed with 
much larger quantities of other classes 
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of wastes, such as inorganic acids and 
salts. Most of them have B.O.D. and 
some of them give color, taste, and odor 
problems. 

Theoretically, all organic compounds 
composed only of carbon and hydrogen 
can be oxidized to carbon dioxide and 
water, with elimination of pollution; 
but those containing nitrogen, sulfur, 
and the halogens would leave residues 
as nitrates, sulfates, and_ halides. 
However, no one method of treatment 
is applicable and no methods are yet 
known for destroying all these sub- 
stances. <All conceivable methods of 
treatment are complicated by the pres- 
sence of other substances. 

Some of the less complex liquors 
containing phenols, acetic acid, and 
formaldehyde are being oxidized suc- 
cessfully on biochemical filters. In- 
vestigation of this method is being ac- 
tively applied to other substances. 


Anaerobic treatment is also being in- 
vestigated. 
At least one company is operating a 


biochemical treatment process for 
mixed wastes similar to the activated 
sludge process for sanitary sewage. 
That company has developed an instal- 
lation, some details of which are being 
used in sewage disposal plants. 

At some plants these wastes are 
mixed, treated with chemicals, settled, 
and the effluent exposed to the air in 
retention basis and in cascading chan- 
nels before being discharged to the 
stream. This method appears to be 
adequate for some types of wastes in 
relationship to some stream require- 
ments. 

Color and B.O.D. ean be reduced by 
the use of chlorine, but this increases 
acidity. Hydrosulfite destroys the 
color of some dye wastes but may in- 
crease the B.O.D. Terpenes and sty- 
renes are blown out by aeration. 

Some organic wastes are diverted to 
municipal disposal plants, but great 
care is taken to avoid the presence of 
such substances as acids, heavy metals, 
and sludges in amounts which damage 
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installations and operations. This may 
involve a complicated and expensive 
sewer system within the plant to sepa- 
rate acceptable from unacceptable 
wastes. 


Soluble Inorganic Substances 

There are three types of wastes in 
the class of soluble inorganie sub- 
stances: (1) those which are oxygen 
depleting, such as sulfides, sulfites, and 
thiosulfates; (2) those which are toxie, 
such as eyanides and the heavy metals; 
and (3) components of brine, such as 
sodium chloride, sodium sulfate, and 
ealeium chloride. In the organie 
chemical industry, the treatment prob- 
lem for these wastes is usually ecompli- 
cated by the presence of organie¢ sub- 
stances. 


destre 


In no case is it possible to 
these substances completely, 
as is the case for some organie sub- 
stances. Any method of treatment may 
leave a residue of equal amount requir- 
ing disposal. 

Sulfide, sulfite, and thiosulfate 
liquors are being treated chemically, 
biochemically, and by diversion to mu- 
nicipal disposal plants. Chemical and 
biochemical treatment leave sulfates in 
solution and, in some cases, depend- 
ing on composition and conditions, 
sulfur in suspension. Hydrogen sul- 
fide and sulfur dioxide may also be 
released by acid and these may require 
treatment to avoid atmospheric pollu- 
tion. Discussion of the interesting and 
significant chemistry and biochemistry 
of these processes is not within the 
scope of this paper, but it should be 
noted that chemical and biochemical 
treatments are expensive. Diversion to 
municipal disposal plants also may be 
very expensive if a charge is made for 
chlorine demand. 

Cyanides are destroyed by treating 
with acid to give hydrogen cyanide, 
which is burned or released to the at- 
mosphere in isolated areas; by econ- 
version to thiocyanate; by treatment 
with lime and sulfur, or with chlorine, 
to give cyanate or ammonia and car- 
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bonate. Preference is now given to 
chlorination. Investigations are being 
directed toward precipitation of heavy 
metals and recovery for re-use or dis- 
posal on dumps. 

The of iron salts in the 
stream is generally regarded by regu- 
latory bodies as being objectionable 
because of the dark color due to the 
ferrous sulfide resulting from the 
reaction of iron with the hydrogen 
sulfide formed from = sulfates under 
anaerobic conditions. As the pres- 
ence of iron salts prevents release 
of hydrogen sulfide, which has an ob- 
jectionable odor, consideration can well 
be given to deferring diversion of iron 
salts from the stream until the concen- 
tration of oxygen depleting substances 
has been reduced and the stream con- 
tains dissolved oxygen. 

Brines are generally ponded indefi- 
nitely or for release during periods of 
high stream flow. 


presence 


Inorganic Acids 


Large quantities of inorganic acids, 
principally sulfuric, hydrochloric, and 
nitric acids, are produced as by-prod- 
ucts of the chemical industry. Al- 
though methods rela- 
tively simple as compared with those 
the other wastes, as a 
whole, they involve some very difficult 
technical problems and incur large ex- 
penditures. Possibilities for redue- 
ing the amounts are strictly limited, as 
these substances are essential parts of 
the manufacturing processes and_ re- 


corrective 


for some. of 


covery for use is not generally profit- 
able because they are too dilute and 
highly contaminated with other chem- 
icals. 

most of 
of neutralization 
with the commercial grades of lime- 
stone, quick lime, calcium hydroxide, 
caustic sodium carbonate, and 
by-product alkalies. Which of these 
neutralizing agents is used depends on 
several conditions such as the kind of 
acid, the amount and streneth of the 
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acid, the rate of production, the re- 
strictions as to space and time, the 
source of the material, and the extent 
of neutralization required. It should 
not be thought that use of waste alkali 
is free of cost. Even if there are no 
charges for materials, costs are in- 
curred for installations and operations 
related to transportation and use. 

Where space is available (usually 
several acres), ponds are provided for 
collecting, mixing, and neutralizing the 
larger quantities. The neutralizing 
unit is provided with a recording and 
controlling pil meter. One of the 
larger plants neutralizes 20 m.g.d. of 
effuent in this manner by use of by- 
product calcium carbonate slurry 
pumped from another plant about 1 
mile away. 

The acid liquors sometimes contain 
suspended matter and give sludges of 
calcium sulfate as the result of neu- 
tralization, as well as precipitates of 
other components which are not soluble 
in the neutralized liquor. These 
sludges sometimes interfere with the 
neutralization process and become dis- 
posal problenis. 

Those plants which do not have space 
for these installations run the neutra- 
lizing agents into the plant sewers. 
For several vears, one of the larger 
companies fed dry lime into mixers 
which form a slurry before going to 
the sewers. In this case the commer- 
cial grade of calcium hydroxide, the 
most expensive grade of lime, was used 
to effeet quick neutralization. The 
rate of reaction for ground limestone 
is too slow under these conditions. 
The amount required was determined 
by pH tests at the pump intakes for 
cooling water taken from the receiving 
stream near the sewer outlets. An 
average of 1,000,000 Ib. per month was 
required for several months of each 
year during low stream flow. 
cently, by-product calcium hydroxide 
slurry from the manufacture of acety- 
lene has been substituted. The prob- 
lem overcome to make this possible was 
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economical conversion of this material, 
which had settled compactly in ponds, 
to a slurry which could be pumped. 
The slurry is hauled about 10 miles in 
tank The 
less than for commercial lime, but a big 
advantage is elimination of skin irri- 
tations due to lime dusts. 

Obviously, substantial costs for in- 


Wagons. cost Is somewhat 


stallations and operations, as well as 
for material, are incurred by neutrali- 
zation of waste acids. There are, how- 
ever, monetary returns (related to re- 
duced corrosion of equipment) to those 
who the receiving waters as a 
process coolant or for condensing pur- 


use 


poses. 


Alkaline Wastes 


Alkaline waste problems, although 
not so widespread as those for inorganic 
acids, soluble organics, and inorganic 
substances, are still perplexing to some 
companies. Alkaline wastes are needed 
for neutralizing waste acids, which are 
produced in larger amounts, and are 
used in this connection whenever prac- 
ticable. 
mercial grade of alkali is less expensive 
because of handling and transportation 


In some cases. use of a com- 


costs. 

The problem for 
alkali is not always limited to alkalin- 
itv. Sometimes the more objectionable 


pollution waste 


characteristics are due to the presence 
of other substanees. One company 
passes a lime liquor through screens 
and a thickener to remove these other 
The liquor is then treated 
with flue gas to convert calcium hy- 
droxide to calcium carbonate, which is 
settled in another” thickener. The 
slurry is dewatered on a_ filter and 
hauled to a dump. 


substances 


Other Wastes 
Tars and oils are separated in process 
equipment, or are skimmed from col- 
lecting One of the 
problems is due to formations of emul- 
which difficult to break. 
Klotation, detergents. and supersonics 


basins. createst 


sions, are 
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are being investigated for this purpose. 
In some cases, tars and oils are treated 
further and used as fuel oil. Where 
this has not proven successful they are 
Wastes. 
Burning is sometimes very destructive 
to the incinerator because of the pres- 
ence of other substances. 

The first problem encountered for 
many insoluble and undissolved wastes 
from liquors. 
Screens, filters, centrifuges, tanks, and 
for this purpose. 
Settling operations require subsequent 
dewatering of the sludge by mechani- 
The 


is the lagoon 


buried, ponded, or burned as 


is separation process 


lagoons are used 


cal methods or on drying beds. 
final place of disposal 
or dump. 


Related Organization and Program of 
the Chemical Industry 


The chemical industry as a whole is 
organized to study and solve this prob- 
lem for its wastes in relation to stream 
pollution under the Stream Pollution 
Abatement Committee and subcommit- 
the Manufacturing Chemists’ 
Association of the U. S.. Ine. The 
present membership of the main com- 
mittee is comprised of R. W. Hess, 
Chairman, National Aniline Div., 
Allied Chemical & Dye Corp.; W. N. 


tees of 


Watson, Secretary, Manufacturing 
Chemists’ Assoc. of the U. S., Ine.; 
Il. G. Cooke, Eastman Kodak Com- 


pany; Lyman Cox, E. 1. duPont de 
Nemours & Co.; L. F. Harlow, The Dow 
Chemical Company; R. E. Lester, 
American Cyanamid Company; H. D. 
Carbide & Carbon Chemicals 
Corp.; E. T. Roetman, American Vis- 
cose Corp.; L. W. Roznoy, Celanese 
Corporation of America; and G. A. 
Yocum, Monsanto Chemical Co. Each 
this committee serves as 
chairman of a sub-committee, which 
plans and executes the details of the 
program as related to a specifie class 
The aim of these committees 
is primarily one of sound and effective 
by indi- 
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member of 


of waste. 


coordination of application 


vidual member companies. 
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Broadly stated, the program is to 
help the chemical industry understand 
all phases of its complex waste prob- 
lems in relation to stream pollution, 
and to aid in eliminating harmful pol- 
lution. More specifically, in this con- 
nection, the program aims to: 


1. Acquaint the industry with the 
nature of stream pollution. 
Study and make recommenda- 
tions as to standards and criteria 
for effluent and streams. 
Provide opportunities for ex- 
change of technical information 
on waste treatment. 

Direct attention to the possibili- 
ties of altering productive proc- 
esses to minimize pollution, 
Emphasize the importance of re- 
covering materials of value, even 
though unprofitable, to help pay 
the costs of pollution abatement. 
Encourage the establishment of 
institutional fellowships — for 
study of the problem. 

Help individual companies or- 
ganize sound and effective pro- 
erams. 

Encourage cooperation with reg- 
ulatory bodies. 

Keep industry posted as to the 
present nature trends of 
anti-pollution laws and regu- 
latory procedures, 

Integrate the program for the 
chemical industry into a national 
program for all industry through 
liasion with other industries. 


In summary, the principal accom- 
plishments during the past two years 
are as follows: 


1. A conference of representatives 
of member companies was held in New 
York City early in 1947 to discuss 
legal, public relations, and technical 
aspects of the problem. One day of 
this conference was given to visiting 
the waste treatment plant of the Calco 
Chemical Division, American Cyana- 
mid Company. 


2. A 2-day conference of representa- 
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tives of member companies was held 
in New York City early in 1948 to 
exchange technical information on the 
problems for each type of chemical 
wastes grouped under the following 
classifications: soluble organic sub- 
stances, soluble inorganic salts, inor- 
ganic acids, phenols and taste pro- 
ducing substances, tars and tarry 
substances, oils and oily substances, 
alkaline wastes, and insoluble and un- 
dissolved substances. This conference 
was opened with discussions of the pol- 
luting effects of each class of wastes 
by members of the main committee 
during the first half day. This was 
followed during the next 11% days with 
7 consecutive sessions for the exchange 
of technical information on treatment 
methods for the above classes of chemi- 
cal trade wastes. At the dinner meet- 
ing the group was addressed by a 
prominent representative of regula- 
tory bodies. The interest in this con- 
ference intense that many 
volunteered to serve on permanent sub- 
committees which were set up for mak- 
ing arrangements to continue and 
elaborate on these exchanges of infor- 
mation. Much of the information on 
corrective methods given in this paper 
was disclosed at that meeting. 

3. A manual, ‘‘Organization and 
Method for Investigating Wastes in 
Relation to Water Pollution (W-1),’’ 
was prepared and distributed widely 
by the M.C.A. 

4. Reprints of a ‘‘ Bibliography on 
Wastes from the Chemical Industry in 
Relation to Water Pollution,’’ pre- 
pared by the Chairman of the main 
committee, was widely distributed by 
the M.C.A. 

5. Data on problems, expenditures, 
and programs of the chemical industry 
for abatement of pollution were col- 
lected, studied, and integrated into the 
general program. 

6. A series of 6 meetings was held by 
sub-committees during December, 1948, 
to exchange technical information on 
abatement of stream pollution. 


Was SO 


= 
atin, 
: 
: 
é 
: 
a 
. 
| 
| 
: 


Related Organization and Program 
Within Individual Companies 


Suggestions for company organiza 


tion and a program investigate 
Wastes in relation to stream pollution 
are outlined in M.C.A. **Manual W 
1.’ The National Aniline 
Allied Chemical & Dye Corp... fur 
nishes an example of an actual organi 
zation program within the gen 


eral scope of that outline, as follows 


Division, 


Each vear a Pollution Research Pro 
eram, including recommendations bs 
all technical departments, is prepared 
by the head of Pollution Research and 
This 
program permeates the entire organiza 
tion. 


approved by the management. 
It includes specitic projects, not 
wastes, but 
also for the modification of established 


only for the disposal of 


processes and the development of new 
processes to minimize pollution. 

This program is centralized in the 
Pollution Group, 
comprised of specialized personnel and 
is provided with a laboratory 
all equipment 


Research which is 
having 
required for sanitary 
analyses. It determines pollution loads 
in individual wastes at 
in mixed wastes at 
in the 


also makes studies of treatment 


their sources, 
sewer outlets, and 
receiving stream. This group 
meth- 
ods that do not come within the scope 
of knowledge and experience of other 
plant personnel. 

and 


Investigation development of 


corrective measures involving process 


and that 
come within the technology of the in 


changes treatment methods 
dustry ’s production are assigned to the 


Chemical Research, Engineering Re 


search, Engineering, and Operating 
Departments. All pro 
posed new processes are reviewed by a 
atten- 


tion is given to minimizing pollution in 


Improvement 
committee to make certain that 


the research and development stages, 
and all process descriptions include a 
tabulation of waste volumes and their 
components as far as known. All in 


stances of equipment replacement are 
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reviewed by the Pollution Research 
Group to make certain that no estab- 
lished provisions for pollution abate- 
ment are omitted and to consider the 
possibility of including other provisions 
All construction ex- 
reviewed by the 


in this connection. 
same 
eroup to make certain that provisions 


pansions are 


are included to minimize pollution and 
to formulate for other wastes measures 
aimed at elimination of equivalent in- 
pollution by expansions 
Which are less amenable to correction. 
The company with 
local and State authorities in advane- 
program to reduce 
and hold the pollution load discharged 
to the Buffalo River at a fixed level. 
The annual programs, involving all 
departments, are 


creases in 


works closely 


ine the suggested 


prepared, —coordi- 
nated, and executed with the advice of 
a prominent consulting expert on 
pollution, under 


supervision of a pollution research head 


Wastes and stream 
who has had sore 30 vears experience 
in research and development of chemi- 
cal processes and production, 11 vears 
of which includes experience with the 
stream Approval 
of the program by the management 


pollution problem. 
places responsibility and authority for 
execution on the head of the Pollution 
Research Department, and responsibil- 
itv for full cooperation on all depart- 


ments involved. 
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WASTES FROM CHEMICAL MANUFACTURING— 
A DISCUSSION 


By Thomas J. Powers 


Waste Disposal Division, The Dou 


Dr. Hess has concisely summarized 
the present position of the chemical 
manufacturing industry with respect 
to water pollution control. One of the 
most significant parts of his paper is 
the report on the activities of the Pol- 
lution Control Committee of the Manu- 
facturing Chemists’ Association. | 
have personally seen the change in this 
Committeee from a group whose main 
interest was pointed toward the legal 
side of pollution to a group actively 
promoting organization research 
leading toward abatement of pollution 
by the industry. The Committee is to 
be complimented on 
ments, 

It is of great interest to note that 
this industry intends to study the re- 
ceiving water to determine what cor- 
rective measures are needed. 


its accomplish- 


Prelimi- 
nary studies apparently have revealed 
that) present methods of analyzing 
wastes do not give a true picture of 
the effects of wastes on the receiving 
water. 

The B.OLD. test is a useful tool in 
measuring pollution. Used) properly. 
it can tell many things concerning the 
relative streneth, the toxicity, and the 
treatability of a waste. The industry 
does object, and very strongly, to the 
test as a standard for industrial efflu- 
ent or for receiving water, and would 
question the value of empirical formu 
test to de- 
termine how much treatment is neces- 
sary. 


las based on. the 


In speaking of testing procedures, it 
may be interesting to note to what 
lengths a chemical plant may go to de 
termine just what compounds are pres: 
ent in waste waters containing reaction 
compounds from many different proc- 
esses. A small carbon tower is set up 
say, 2.5 Ib. of granular earbon) and 


Chemical Company, Midland, Mich. 


waste Water is pumped to it until, by 
oxidation test, the carbon is practically 
saturated. Composite samples of both 
influent and effluent are saved for anal- 
ysis of one organic component. The 
carbon is air dried, extracted with 
acetone, then extracted with carbon 
tetrachloride or ethylene dichloride. 
The extract solvent is slowly boiled off 
and the residue is micro-fractionated. 
Perhaps 14 obtained, 
These fractions are redissolved in car- 
bon tetrachloride, the components 
being determined by infra-red spec- 
Factors for the efficiency of 
the activated carbon extraction and re- 
extraction are applied so that the com- 


fractions are 


Trosce 


ponents are expressed as parts per 
billion of original waste water. 

The industry wants to point out that 
any standards set on effluents or receiv- 
ing streams should be scientifically and 
economically sound 

In speaking of corrective measures, 
Dr. Hess has warned that very little 
profitable recovery of wastes may be 
expected in the chemical industry. 11 
is hoped, however, that some reduction 
in Wastes may be effected by moderniz- 
Puri- 
fication of raw materials can, in some 


ing and altering some processes. 


instances, considerably reduce process 
Wastes. 

Emphasis should be placed on the 
warning that exhaustive studies should 
be made before a chemical plant. is 
forced or allowed to use a municipal 
sewerage system. One municipality 
planned to foree a chemical plant to 
pump extremely complex wastes to a 
very simple treatment works. The 
civic leaders may not be expected to 
know better, but certainly the consult- 
ing engineers should recognize the 
dangers in such a situation. 


7 
: 
: 
= 


684 SEWAGE 

The alkaline oxidation of eyanide 
has been mentioned. This 
holds great promise for the 
tion of 
organic 


process 
elimina- 
and toxic 
chemical 
chlorine 
acid and 2 


some odorous 
One 
company is now operating 
oxidation plants, 
alkaline. 


Processes 


very 
compounds. 
3 being 
for the elimination, ad- 
sorption, extraction, or oxidation of 
many compounds can be 
worked out and applied by the chemi- 
cal industry. 


organic 


Suspensions and emul- 
sions can be handled, but the dissolved 
inorganic from manu- 
facturing processes or from treatment 
of will continue to 


salts resulting 


Wastes present a 
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problem. The industry must be al- 
lowed to dispose of the salts of hydro- 
chlorie acid and sulphuric acid by eon- 
trolled dilution to surface waters. 

The increase of dissolved solids in a 
surface water does place an economic 
burden on the water user. On the 
other hand, consider the economic 
burden placed on whole areas of our 
country if industry is not permitted to 
develop the natural resources of those 
areas. (Great strides are being made 
in pollution control, but care should be 
exercised not to overstep the bounds of 
reason to the point where industry is 
throttled and new industry 


is kept 
from natural development. 


ELECTROPLATING WASTES SURVEY 


As of a project to correlate 
and extend research on wastes from the 
in the United 
the American 
1948 
questionnaires to 255 sustaining mem- 
bers of the S« clety. Of the 106 replies 
received, 84 were from firms conduet 
ing plating operations.’ 

The survey indicates that in the 84 
plants responding the types of plating 
performed are as follows: 


part 


electroplating industry 
States, a committee of 


Electroplaters’ Society sent 


Brass 
Cadmitm 
Chromium 
Copper 
Cvanide Copper 
Acid Copper 
Lead 

Nickel 

Silver 

Tin 

Zine 


F. Gurnham, Activities in 


35, 11, 1121 


Plating 
Platina 


ted States.’’ 


1948 


Some plants also listed, in addition, 
cobalt, gold, 
rhodium 


such other operations as: 


palladium, and plating ; 


anodizing, aluminiting,  parkerizing, 


bonderizing, cronak processing, ete. ; 


as well as degreasing and bright dip- 
ping. 


Cleaning included the 
questionnaire showed the responding 


plants using the following : 


processes on 


4R° 


Acid pickling 
Ferrous 
Nonferrous 


Alkali cleaning 86‘ 


The means of disposal used 
61 (73 
per 


by the 
plants are: per to 
25 (30 to streams, 
and 4 (5 per cent) to dry wells. These 
firures add up to more than 100° per 


cent because several plants use more 


s4 


sewers, 


cent 
cent) 


than one means of disposal. 


F. Gurnham, ‘‘Waste Disposal Stud 
Plating 36, 2, 154 (Feb. 1949). 
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The Mansfield) Plant of Hercules 
Powder Company is engaged in the 
manufacture of various types of syn- 
It is located at the ex- 
treme north end of the town of Mans- 
field, Mass.. beyond the installed limits 
of the municipal sewerage system. The 
Rumford River, which is a small stream 
having its in the Town of 
Sharon to the north, flows past part of 
the plant property. As would be ex- 
pected, the plant sewerage system was 
installed to discharge into the river. 

During the fall of 1946, a waste dis- 
posal study was inaugurated at the 
plant in an effort to reduce pollution 
of the Rumford River. The plant 
wastes, in addition to large quantities 
of uncontaminated cooling water, con- 
tain varying amounts of rosin and resin 
dilute formaldehyde, pentaery- 
thitol, sodium formate, organic acids, 
All the liquid 
wastes are on the acid side, having pH 
dropping below the methyl 
orange end point. With the exception 
of the sanitary sewage, all are in solu- 
tion. The oils are partly in suspension 
and partly in emulsion, depending on 


thetie resins. 


origin 


oils, 
and sanitary sewage. 


values 


process operations. 

As the first step in this program, a 
septic tank was installed to treat the 
sanitary sewage. It was felt that any 
treatment that 
might be developed for the plant wastes 
would probably require sanitary sew- 
age to function properly and, by re- 
moving the suspended solids, the efflu- 
could be discharged to the treat- 


biological processes 


ent 


* Presented at Twentieth Annual Meeting, 
New England Works Associations; 
Sept. 9-10, 1948. 
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Newport, R. 


A HIGH RATE TRICKLING FILTER PILOT PLANT 
FOR CERTAIN CHEMICAL WASTES * 


By B. W. 


Sanitary Engineer, Hercules Powder Co., 
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Wilmington, Del, 


ment plant without trouble. The septic 
tank effluent chlorinated, using 
sodium hypochlorite as the agent. 

A study of the various plant wastes 
was made to determine rates of flow, 
volume per day, composition, and 
B.O.D. In this work the cooperation 
of the Massachusetts Department of 
Health was most helpful, as plant lab- 
oratory were unfamiliar 
with B.O.D. technique and the con- 
stant temperature units for this work 
were not available at the plant labora- 
tory. 


Was 


personnel 


Toxicity Affects B.O.D. Values 


It might be well to point out one of 
the problems encountered in determin- 
ing the B.O.D. of toxie wastes. With 
toxicity present, the 5-day B.O.D. 
values will increase with increasing di- 
iution until bevond the toxie limit, 
after which consistent results will be 
obtained. These then are the proper 
values to use. It will not be possible 
to obtain 50 per cent depletions every 
time and the technician will be required 
to use his best judgment, with deple- 
tions as low as 18 per cent and as high 
as 75 per cent. B.O.D. may be a valu- 
able tool, but there is a great deal more 
to be learned about it when measuring 
industrial wastes. 

Many of the processes require high 
vacuum during the evcle and steam 
jets equipped with barometric conden- 
sers are used as vacuum pumps. Such 
devices contaminate the cooling water 
required for operation and, although 
they reduce waste concentration, they 
increase the total volume of contami- 
nated water to be handled. 
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As a result of the survey it was 
found that the plant had a total B.O.D. 
load of approximately 2,000 pounds 
per 24 hours, with B.O.D. values rang- 
ing from 300 to 10,000 p.p.m. and 
formaldehyde concentrations to 
»,000 p.p.m. The total flow, including 
cooling water, was approximately 0.5 
m.g.d. 
Stream 


data 


flow and dissolved oxygen 
obtained on the Rumford River 
for dry weather flows indicated a total 
allowable pounds of 
As there were others 
who had riparian rights on the stream, 
it was felt that Hercules would be en- 
titled to 30 pounds B.O.D. per day 
allowable discharge. 


loading of 75 
per day. 


This meant prac- 
tically complete treatment of the plant 
wastes and, to add to the problem, 
there was nothing in published litera- 
ture or in known methods for treating 
such Thus, there arose the 
for developing methods of 
treatment or disposal. 


wastes. 


necessity 


Several Methods Tried 

In considering the various possibili- 
ties of disposal, the first that came to 
mind was lagooning. The plant prop- 
erty is long and narrow. Manufactur- 
ing and buildings occupy 
practically all of it. thus eliminating 
any possibility of such a holding basin 
inside the A careful study of 
the UL oS Survey 


warehouse 


fence 
Geological map of 
the surrounding countryside was made 
locations fi- 


for possible sites. Two 


nally were selected. These would have 
provided the 


purchased, 


been land 
unfortunately, 
however, the properties were not for 


method had to be 


satisfactory, 
could be 
sale so. this aban- 
doned 

Next was the possibility of discharge 
ing into the Mansfield town sewerage 
pumping to the 
system manhole, providing the capac 


s\ stem by nearest 


ity Was sufficient to take the plant waste 
load and the existing treatment proces 


ses could handle the wastes. The town 


disposal works is 


comprised of oan 
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Imhotf tank, a standard rate trickling 
filter, and sludge drying beds. The 
volume of flow to the plant varies from 
0.25 to 1 m.g.d., depending on weather 
conditions, as there is considerable in- 
filtration during rainy periods. 

To employ such a method of disposal, 
the waste volume would have to be re- 
duced to a minimum to prevent over- 
loading the system, thus requiring seg- 
regation of the contaminated wastes 
and the uncontaminated cooling water. 
with discharge of the latter directly to 
the river. Surface type intereonden- 
installed place of the 
barometric units on the several jets, 
thus reducing 


were 
appreciably the volume 
of these wastes. By this method, the 
requiring treatment in 
the municipal system could be reduced 
to about 50,000 ¢.p.d. This gave dilu- 
tion by the sanitary sewage in the 
ratio of 6:1 to 20:1. The $64 question 
was whether at low dilution (6:1) the 
wastes would not 


waste volume 


be toxie to the low 
rate trickling filter in the town plant. 

A pilot plant trickling filter oper- 
ated for a period of time at the same 
rate of application as the town unit 
and supplied with a mixture of the 
two wastes at the minimum dilution 
would supply the answer. At that time 
the plant had no such unit. At this 
point, through the cooperation of the 
State Department of Health, this por- 
tion of the study was transferred to the 
Lawrence ( Mass.) Experiment Station. 
A small trickling filter was placed in 
operation on a minimum dilution mix 
ture of sanitary sewage and the plaut’s 
industrial waste. The unit used was 
10 in. in diameter and had 6 ft. of 
stone. It was operated at a 1 m.g.a.d. 
rate. 

After a few days operation, the unit 
began to function and fairly satisfac 
tors 


obtained. These 


continued for about two months, after 


removals were 
which the biological growths died com 
pletely in two days. Because the plant 
that 
for destruction 


waste Was toxic, it was believed 


this factor accounted 
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of the bacteria; but the reason for the 
quick death after two months of oper- 
ation remained obscure. However, be- 
cause all the bacteria had been de- 
stroyed in the pilot unit and this could 
not be permitted at the municipal 
plant, phase two of the program ended. 

A new study was instituted to cover 
chemical destruction of the formalde- 
hyde. About every conceivable method 
was investigated. The net result was 
that chemical destruction was entirely 
too costly and in many cases produced 
an end product more difficult to handle 
than the original. It may be of inter- 
est to mention here that ozone treat- 
ment was investigated, and rejected on 
the basis of both initial cost and cost 
The method held some 
promise of destruction of the formalde- 
hyde, but the economics were against 
it. Phase three was ended. 


of operation. 


High Rate Filter Provides Answer 


Inasmuch as biological treatment had 
functioned for two months, it was felt 
that this work should be re-examined 
for a possible answer to the destruction 
of the bacterial growth on the filter. 

In the earlier work the fact that 
formaldehyde is a good tanning agent 
had been entirely overlooked. Could 
not this action on the cell walls of the 
bacteria have caused their death? If 
insoluble compounds were developed, 
they would cut off the organisms’ only 
means of obtaining food. Large econ- 
centrations would show immediate ef- 
fect; in small concentrations this effect 
might not be noticeable for a long 
time. It is believed that what occurred 
was this building up of insoluble com- 
pounds in the cell wall thereby reduc- 
ing the available feeding area to such 
an extent that sufficient food could 
not be taken in through the wall to 
maintain life. The bacteria literally 
starved to death. 

It is well known that on a low rate 
filter sloughing occurs only at intervals 
which would allow the above condition 
to develop. If the filter could be oper- 
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ated at a very high rate, with heavy 
continuous sloughing taking place, 
there would be no chance for this de- 
velopment. Instead, there could be 
produced a very active growth which 
would provide a high degree of treat- 
ment. It was felt that a pilot unit 
should) be constructed and operated 
continuously at the plant to determine 
whether this theory was correct. The 
initial program was to be carried out 
with formaldehyde only. If successful 
in treating high concentrations, the feed 
would be changed to plant wastes to 
cetermine their possible treatment. 

The filter unit selected (see Figure 
1) was 10-in. diameter terra cotta pipe 
having 6 ft. of stone in three 2-ft. 
lengths. It was to be operated at a rate 
of 50 m.g.a.d. Sedimentation was to be 
short to allow maximum recycle of bac- 
teria; 15-min. retention was provided. 
The tile was provided with a slat bot- 
tom, which served as support for the 
stone and also to elevate the bottom of 
the tile about 4 in. above an inclined 
box serving as collecting tray for the 
filter. This box was elevated sufficiently 
to provide gravity flow to the sedi- 
mentation basin. A framework of 2 
by 4’s previded lateral support for the 
tile and means for holding piping and 
the filter distributor. It also provided 
means of access to the top of the filter. 
The filter distributor was a 10-in. col- 
ander obtained in the local hardware 
store. When set level, it provided very 
excellent distribution over the filter 
stone. 

Stones for the unit were carefully 
selected from the town trickling filter; 
only those with heavy growths were 
taken, the size varying from 114 to 21. 
in. The filter was ready for operation 
as soon as packed, 

The sedimentation basin was de- 
signed along conventional methods and 
provided 15-min. retention with the 
filter operating at 50 m.g.a.d. This was 
equivalent to a volume of 64 gal. at 
a rate of 1,600 ¢.¢. per min. 

A wood tank holding about 100 gal. 
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was provided for holding the formalde- 
hyde solution and, later, the composite 
waste. A proportioning pump was used 
for reeycling to the filter; a duplex 
pump for the waste solutions. 


River Water Added 

For the initial operation, it was 
thought that some pond water or un- 
contaminated river water should be 
added to the system just ahead of the 
filter so there would be additional or- 
vanism added and some dilution of 
the waste prior to filtration. A second 
wood tank was used to hold this supply, 
which was obtained from the Rumford 
River above any known source of 
major pollution. 

To mix the river water and the re- 
eveled liquor, a mixing chamber was 
installed just ahead of the filter dis- 
tributor. This comprised a piece of 
2-in. pipe and & in. long fitted with a 
reducing coupling on the bottom, 
terminating in a 14-in. nipple. which 
discharged into the colander. The two 
feed pipes were set to discharge into 
the 2-in. pipe at an anele, so that there 


would be tangential mixing before 
dropping on the colander. The arrange- 
ment proved very satisfactory. 

Formaldehyde is an organic com- 
pound of carbon, hydrogen, and oxy- 
ven. It was felt that, even with the 
pond water addition, there might not 
be sufficient chemical balanee for prop- 
er maintenance of biologieal life. The 
pond water was treated with the same 
chemicals as used in making up the 
standard B.O.D. dilution water: 
namely, potassium phosphate. ferric 
chloride, caleitum chloride, and mag- 
nesium sulfate. In addition, it was 
believed that a minimum carbon-nitro- 
ven balanee should be maintained and 
a 25:1 ratio was provided through the 
use of ammonium phosphate added to 
the pond water. 

The formaldehyde solutions had an 
acid pil. Therefore, they were ad- 
justed to 7.0 with aqueous ammonia, 
not only to add nitrogen, but also to 
eliminate sodium. Sodium = salts) for 
pHl correction were studiously avoided 
us sodium formate was formed in the 
reaction of the sodium with the formal- 


FIGURE 1.—High rate trickling filter pilot plant for treating wastes from synthetic 
resin manufacture. 
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Bacterial studies, which had 
been made earlier at Lawrence, indi- 
cated this compound to be more toxic 
than formaldehyde. 

It was believed that in using pond 
water for dilution some initial stabili- 
zation of the filter and system should be 
made with the types of organisms pres- 
ent in this water. The pilot plant was 
operated for about 10 days on pond 
water only, the rate of feed being 160 
ec, per min. The system was operated 
at the 50-m.g.a.d. dosing rate of the 
filter, equivalent to 1,600 ¢.¢. per min. 
circulation. 


dehyde. 


Formaldehyde Concentrations Used 
as Criteria 


After the initial operation, the pond 
water rate was reduced to 80 ¢.c. per 
min. and formaldehyde at a concentra- 
tion of 500 p.p.m. was added at the 
same rate. Over a period of a mouth 
the system gradually adjusted itself 
and the average formaldehyde concen- 
tration applied at the top of the filter 
was 60 p.p.m. The average filter efflu- 
ent showed 46 p.p.m., a reduction of 14 
p.p-m. (29 per cent), equivalent to a 
removal of 0.58 Ib. per cu. yd. Inas- 
much as formaldehyde was the chief 
constituent of the waste feed. it was 
felt that evaluation of pilot operation 
should be based on removals of this 
component effected by the filter and 
system. The plant laboratory was al- 
ready set up to make these determina- 
tions quickly and accurately, so. this 
procedure fitted well into the picture. 
The correlation of formaldehyde and 
>.O.D. values then could be taken care 
of later when the 5-day B.O.D. period 
could be tolerated. 

The waste feed had been piped to dis- 
charge directly into the inlet flume of 
the sedimentation basin, thus provid- 
ing mixing and a 15-min. contact before 
dilution with pond water. Basin efflu- 
ent samples were found to be well above 
the filter effluent values. This was as 
expected, as they reflected the addition 
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of the raw waste. In order to be able to 
withdraw at a constant rate from the 
system at minimum concentration, a 
constant-head overflow was_ installed 
near the inlet end of the basin and the 
waste feed was relocated so that it dis- 
charged into the effluent flume. The 
effect of raw waste in the effluent was 
thus eliminated. No impairment could 
be discerned in the operation of the 
system, so this method was used 
throughout all the tests. Values of the 
effluent were slightly lower than those 
directly from the filter. 

At the 500 p.p.m. feed, the over-all 
system removal was 82 per cent. If 
the removal on the filter is considered 
in relation to the total formaldehyde 
fed to the system, this value becomes 
56 per cent instead of 29 per cent. In 
a small unit actual stone volume is 
considerably less in relation to com- 
puted volume than it is in full seale 
plants. An S0 per cent area value was 
felt not unreasonable, and the adjusted 
removal was 0.72 Ib. per cu. yd. 

After effective operation had been 
obtained at the 500 p.p.m. feed rate, 
the concentration was vradually step- 
ped up to 1,000 p.p.m. in a period of 
a little over two weeks. Excellent re- 
sults continued, with 30 p.p.m. being 
removed in the filter, thus giving an 
efficiency of 40 per cent. The concen- 
tration in the effluent dropped to 50 
p.p-m. and the over-all system efficiency 
rose to 90 per cent. These results were 
so encouraging that the feed concen- 
tration was increased to 1,500° p.p.m. 
all at This was almost disas- 
trous as filter effluent values increased 
to over 300) p.p.m. However, 
growth could still be seen on the stone 
and there was about a 40 p.p.m. re- 
duction through the filter, a somewhat 
higher value than previously. This 
looked hopeful, but it was not felt that 
a chance should be taken by con- 
tinuing at the high value. Therefore, 
the feed was reduced to 1,200 p.p.m. 
and the plant was operated on this 
basis for about three weeks, 
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tem gradually stabilized. Reduction 
through the filter was 36 p.p.m., an 
increase of 20 per cent, but the system 
concentration could not be reduced to 
the low values previously obtained. 
The average influent concentration to 
the filter was 171 p.p.m. and_ filter 
effluent was 135 p.p.m.; filter efficiency 
was only 21 per cent and adjusted re 
moval 1.86 Ib. per eu. yd. These higher 
levels continued throughout the re- 
maining tests. The over-all plant. etti 
ciency was 78 per cent. 

The waste feed was again increased 
slowly to 1,500 p.p.m. over a period of 
two weeks. The system eradually be- 
came ‘stable and the influent to the 
filter averaged 155 p.p.m., filter eftlu- 
ent 115 p.p.m., and filter removal 40 
p.p.m. (equivalent to 26 per cent) 
Adjusted removal was 2.07 Ib. per eu 
yd. The system efficieney was 85 per 
cent 


No Improvement with Forced Air 
Circulation 

In considering possible means of in 
creasing filter efficiency, the use of 
forced air circulation was felt to hold 
possibilities. Therefore, the bottom of 
the filter was enclosed in a sheet metal 
housing into which a 4 in. diameter 
tan was connected. A good circulation 
of air was provided, but there was no 
improvement in operation, 

By this time it was fairly well es 
tablished that biological treatment 
would remove formaldehyde from 
Waste waters in concentrations up to 
1,500 p.p.m., provided dilution 
was emploved. full seale plant 
operation the volume of pond water 
necessary would be difficult to obtain 
and costly. If it were possible to 
eliminate this dilution, even at an in- 
crease in recycle rate, this would be 
most helpful. The pond water was 
eliminated from the system and the 
rate of feed of formaldehyde was re 
duced to 40 per min., providing a 
40: 1 reevele. The plant was operated 
at this rate for a month. Filter influ 


ent averaged 190 p.p.m.; filter effluent. 
140 p.p.m.; filter removal, 50 p.p.m.; 
and filter efficiency, 26 per cent, equiv- 
alent to an adjusted removal of 2.59 
Ib. per cu. yd. The system efficiency 
was 90 per cent. In eliminating the 
pond water, the chemical dosage which 
had originally been given it was added 
to the formaldehyde solution. 

During this phase of the work, it 
became necessary to move the pilot 
equipment to allow access to some ex 
isting machinery. This necessitated a 
shutdown of the operation for about 
S with consequent drying out of 
the filter. This almost proved catas- 
trophie, When operations were re- 
sumed the formaldehyde concentration 
in the system rose to 650 p.p.m.; it took 
over two weeks to return to the earlier 
Values. Heavy sloughine of the filter 
slimes occurred and it was thought that 
this unit had been lost, but apparently 
some hardy colonies survived and 
vradually multiplied to reseed the unit. 

In continuing the experiments the 
waste feed concentrations were g@radu- 
ally raised to 1,700 p.p.m., and then to 
2.000 p.p.m. Filter removals remained 
at 50 p.p.m. and filter effluent values 
rose to 215 p.p.m., with over-all sys- 
tem efficiencies of 90 per cent. Filter 
efficiency at the 2,050 p.p.m. feed was 
23 per cent, equivalent to an adjusted 
removal of 2.59 Ib. per cu. vd. There 
Was no increase in filter removals above 
that obtained at the 1,500 p.p.m. feed. 

During the run at 1,500 p.p.m. con- 
centration without pond water addi- 
tion, the effeet of studied. 
This was accomplished by adjustment 
of the formaldehyde solution with 
aqueous ammonia; the range from 4.5 
to 8.5 was covered. It was impossible 
to correlate any improved operation 
with pH]. An interesting observation 
throughout this run was that the filter 
effluent held between 6.5 7.5. 
With low pIl values of feed, the efflu- 
ent remained slightly below 7; as the 
was increased the effluent also 
increased, but at a lower gradient 
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Samples of filter influent and effluent 
were taken at intervals to the Law- 
renee Experiment Station for B.O.D. 
determinations. Duplicates were ana- 
Ivzed at the plant for formaldehyde 
concentration. It was interesting to 
note that the 5-day B.O.D. averaged 
about twice the formaldehyde concen- 
tration. 

Another very significant change was 
in the zoogloeal growth on the filter 
stone as the bacteria became acclimated 
to the formaldehyde. Originally there 
Was a very heavy growth with a dirty 
gray color and some spots of green. 
As the work progressed, a thin, nearly 
colorless slime developed on the stone. 
It had a slight tinge of pink and the 
appearance was more like the mucous 
covering inside a freshly opened oyster. 
Although at no time during this period 
was the slime really heavy, it gave the 
impression of a very active film. 

During the run at 1,500 p.p.m. con- 
centration, experiments were carried 
out on the possibilities of lagooning 
the filter effluent. 
3 ft. by 6 ft. and providing a 6-in. 
depth of liquid were built and placed 
out of doors in an unshaded location. 
One was filled with the raw waste and 
the other with filter effluent. This ex- 
periment lasted 15 days, during which 
no rain fell to complicate the tests. 
The untreated waste increased in con- 
centration over the test period, due 
mainly to evaporation. There was a 
uniform reduction in the filter efflu- 
ent of about 14 p.p.m. per day until 
10 days had elapsed. After this the re- 
duction was about 7 p.p.m. each day. 
By 13 days, the concentration had 
dropped to 5 p.pam. and no further 
reduction was detected. The formal- 
dehyde concentration at the start was 
170 p.p.m. This was a real reduction 
and worthy of consideration in’ the 
final plant design. The pH value was 
initially 6.5, but rose to 8.0 by the 
Mth day, at which time the formalde- 
concentration had reached 
p.p.m. 
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The work to date had been on formal- 
dehyde only. For the design of a full 
scale plant data covering operation on 
the composite plant waste would be 
necessary. Accordingly, a composite 
was made up using actual percentages 
of the various process wastes; formal- 
dehyde, rosin and resin oils, sanitary 
floor washes. 
The same rates were maintained in the 
pilot) system—50 m.g.a.d. and 40:1 
recycle. No pond water was added, 
but the chemical dosage of the raw 
waste was maintained. This run cov- 
ered a period of two months. The 
average formaldehyde concentration 
in the waste feed was 800 p.p.m.; that 
applied to the filter, 65 > p.p.m. The 
filter effluent averaged 44 p.p.m., with 
an efficiency of 35 per cent. 


sewage, miscellaneous 


The sys- 
tem efficiency was 94.5 per cent. This 
concluded the investigations, as it was 
felt that this type of treatment would 
handle the plant wastes satisfactorily 
and a full scale plant could be de- 
signed. 

During the operation on composite 
plant waste, the character of the slimes 
on the filter changed. The rather thin 
translucent film developed into a heavy 
brown growth quite similar in charae- 
ter to that originally developed by the 
sanitary sewage. This was no doubt 
caused by the variation in organic ma- 
terial from that of the straight formal- 
dehyde. 


Organic Oils Present No Filter 
Problem 


Some qualms were felt about how 
well the filter would function with the 
rosin and resin oils present in the 
composite waste. Although the actual 
floating oils constituted less than 1 per 
cent, some 20 per cent of the total was 
in emulsion form. “Throughout the 
whole run, there neither indica- 
tion of reduction in efficiency from this 
source, nor build up on the filter stone. 
Incidentally, this has been found to be 
true another full two-stage 
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trickling filter plant where there is a 
large quantity of these oils. Operation 
after 8 months has shown neither de- 
struction of bacteria on the stone nor 
oily build up. Both primary and sec- 
ondary basin sludges contain sufficient 
oils to stop proper dewatering on a 
vacuum filter, even with excellent pre- 
treatment employing lime and _ ferric 
chloride. EFrom these observations, it 
is believed that this type of oil can be 
handled in a trickling filter plant with- 
out detriment, regular 
eral oils would cause fouling. 


whereas min- 


No Filter Flies 


The question of filter flies also caused 
some This pilot plant had 
installed in a warm room, with 
temperatures as high as 95° F. Dur- 
ing the summer and early fall the doors 
and windows were left open. At no 
time during the course of the experi- 


concert. 
been 


mental operation was there any evi- 
dence of filter flies. The original con- 
tention had been that a high rate filter 
application would solve the fly prob- 
lem. However, in pilot studies made 
on powder plant wastes, with rates of 
30 m.g.a.d. applied to the filter, there 
had luxurious development of 
psvchoda flies. completely disproving 
this theory. During the past three 
months of operation of the full seale 
plant previously discussed, at the 30 
m.g.a.d. rate of application, there have 
been no evidence of fly formations. It 
is believed that with toxie wastes there 
will be no fly problem, even at lower 
filter rates 

During the last part of the run on 
composite plant wastes, we became in- 
terested in the possibility of phenols in 
some of the 


been 


process wastes. Several 
analyses were made on the composite 
the filter influent, and the efflu- 
ent, accordance with procedures 
outlined in the 9th edition of ‘*Stand- 
ard Methods.”” These tests 
phenols in the waste as high as 40,000 
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filter effluent, 1,600 p.p.b. The filter 
efficiency was 20 per cent; the system 
efficiency, 96 per cent. From = other 
work it is known that this method will 
provide effective reduction of phenols 
This statement is 
qualified because there is not as yet 
sufficient information to 
parisons with the usual 


in rosin wastes. 
make com- 
commercial 
phenols. 

Sludge studies were made during the 
operation of the unit on straight for- 
maldehyde and = on plant 
waste. In both instances the volume 
produced was small and 
mainly of filter sloughings. 


composite 


consisted 


With the 


formaldehyde, this material was very 
light and flocculent, whereas that pro- 


duced from the composite was heavier 
and denser due, probably, to the dif- 
ference in character of the filter 
The volume produced was 
about the both cases and 
anounted to 0.2 cu. ft. per day. Based 
on a feed of 1,500 p.p.m. formaldehyde, 
this amounted to 0.10 cu. ft. per pound 
of formaldehyde; on the basis of the 
composite, the volume produced was 
0.11 eu. ft. per pound of 5-day B.O.D. 
removed. 
Dissatisfaction 


slimes. 


same in 


has felt with 


these studies, due to the small quanti- 


been 


ties with which the work was carried 
on. Therefore, the figures developed 
have only been used in a general way, 
as it is felt that the final answer will 
have to be from full 
operation. 


obtained scale 


Conclusions 


As a result of these experiments cer- 


tain general conelusions have been 


evolved, as follows: 


1. The high rate trickling filter can 
be used to provide satisfactory reduc- 
tion of formaldehyde, and organic oils 
and acids. The following table shows 
removals obtained per cubie vard for 
various concentrations applied to the 
filter. 
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Applied 
Removal 


Removal per 
Efficiency 
(%) 


Cubie Yard 


ohecentration 
pope 


60 0.73 29 

SO 1.55 10 
171 21 
190 2.59 265 
230 2.59 28 
265 2.59 23 
2. It is not necessary to maintain 


a constant pll value at 7.0, the neutral 
point, as variations as low as 4.5 and 
as high as 8.5 will not affect operation. 
It is however, to hold a 
fairly uniform pH wherever it may be. 
Filter effluent pl] values will be within 
the range 6.5 to 7.5 regardless of raw 
waste pH. 

3. Short sedimentation periods are 
effective for the filter system. Where 
the effluent from the disposal plant 
must be discharged directly to a stream 
and no provision for lagooning can be 
provided, additional sedimentation is 
advantageous. It provides minimum 
3.0.D. values through additional re- 
moval of suspended material, which is 
primarily filter sloughings and has a 
high B.O.D. With lagooning, the short 
detention is preferable, in order that 
ample bacterial life can be maintained 
in the lagoon. 

4. There is no filter fly problem with 
wastes of this type. 

5. Although these studies were car- 
ried on with a filter application rate 
of 50 m.g.a.d., it is quite possible that 
a somewhat lower rate might be satis- 


necessary, 


A HIGH RATE TRICKLING 


FILTER PILOT PLANT 693 


factory. The important point is the 
maintenance of sufficiently high 
sloughing rate to prevent insoluble 
build up in the cell walls of the bae- 
teria. 


The most important conclusions de- 
rived from this experimental work are: 
(1) that toxicity is only relative; (2) 
that by proper application, bacteria 
can be developed which will thrive in 
the so-called toxic mediums and _ pro- 
vide satisfactory removal of organic 
material; (3) that thorough study of 
the problem and operation of a pilot 
plant sufficiently long for stable opera- 
tion is absolutely essential; and (4) 
that the use of high rate filters should 
open further channels for the solution 
of industrial waste treatment problems. 

Based on these studies, a full scale 
treatment plant has been designed and 
built and is now in initial operation. 
However, there has not as yet been 
suificient time to secure any real op- 
erating data. 
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WASTE CONTROL IN A COKE PLANT * 


By K. N. 
Advisor and Technical 
Follansh 


Assistant Technical 


The heavy concentration of industry 
and the resultant concentration of 
population along rivers has created se- 
rious pollution problems for industries 
and municipalities that must depend 
upon such rivers for drinking, indus- 
trial, and recreational water. In par- 
ticular, the large quantities of phenolic 
and other high B.O.D. wastes from by- 
product coke plants heavily tax the 
self-purification powers of the receiving 
rivers. In addition, the extreme sensi- 
tivity of the palate to the chlorophenol 
compounds brings considerable public 
attention to these wastes. Thus, a by- 
product coke plant offers an excellent 
example for pollution definition and 
abatement, and the methods of record- 
ing and reporting the information. 

A waste cannot usually be adequately 
defined at a sewer outfall; the com- 
ponents of an effluent must be traced 
to their sources. 
be had of the basic opera- 
tions in the plant. It is not the pur- 
pose of this paper to tell how a coke 
plant is to be operated. It is well, 
however, briefly to consider a partial 
flow sheet that emphasizes the waste 
producing operations. Such a flow dia- 
eram for the Follansbee, W. Va., plant 
of the Wheeling Steel Corp. is shown 
in Figure 1. 


To do this some know]l- 
edge must 


Origin of Wastes 


The heart of the plant is the battery 


is carbonized 
Three products 
from carbonization—coke, 
an liquor containing 
heavy tar in suspension and certain 


ot in which coal 
in the absence of air. 
result 
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ammonia compounds in solution. The 
hot gas passes through the primary 
cooler where it indirectly 
with water circulated through tubes. 
Phenol, ammonia, light tar, and most 
of the water is condensed here and is 
pumped to the tar decanter tanks. The 
cooled next through ex- 
hauster engines, reheated, passes 
through precipitators that remove the 
remainder of the tar in a strong electro- 
static field for pumping to the de- 
cantation system, and passes through 
saturators containing 6 to 12 per cent 
sulfurie acid. The having been 
reheated befcre entering these satura- 
tors, evaporates enough water so that 
all the waste water from the vicinity 
of this equipment may be pumped back 
into it, thus keeping a high acid waste 
from the sewer. 

From the saturators the gas passes 
through a tower where it is cooled by 
direct contact with water sprays, naph- 
thalene and other higher boiling oils 
and water-soluble constituents, such as 
hydrogen sulfide, eyanide, 
and phenol, being in the 
cooling water and carried away. The 
eas then passes through packed towers 
where it is scrubbed with a cold, high- 
boiling petroleum oil, which absorbs the 
heavier hydrocarbon oils from the gas. 
The clean is then picked up by 
booster engines, about 40 per cent of 
‘ heating the ovens, the 
sent to the steel plant 


is cooled 


vas Passes 


is 


was, 


hydrogen 
dissolved 


eas 
it being used for 
remainder being 
as fuel. 

At the red hot 
charged by rams and taken in a ear to 
a quenching tower, where it is cooled 
quickly by sprays of the waste water 
from the final cooling tower. 

The aqueous liquor from the coal 


ovens, coke is dis- 
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carbonization is collected in a decant- 
ing tank, where the tar settles to the 
bottom and is pumped to storage tanks. 
The liquor—known as ammonia liquor 

is then taken to storage tanks, from 
which it is fed to the ammonia recovery 
system. This system consists of three 
sections—a ‘‘free’’ ammonia still, a 
phenol recovery tower, and a ‘‘fixed”’ 
ammonia still. By the use of direct 
steam the first, or ‘‘free’’ section, re- 
moves free ammonia and some phenol, 
and decomposes and removes the more 
loosely ammonium  com- 
pounds, such as carbonate, bicarbonate, 
cyanide, sulfide, and the polysulfides, 
for return to the gas stream. The am- 
monia liquor is pumped from the bot- 
tom of the free still to the dephenolizing 


associated 


Com 
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tower where about 90 per cent of its 
phenol is removed by steam. This 
vapor is passed through caustic soda 
solution for phenol removal, then 
through the ammonia liquor, and then 
recirculated. The dephenolized liquor 
is returned to the so-called ‘‘fixed’’ leg 
of the ammonia still, where it is mixed 
with milk of lime and steam-distilled 
to decompose the ammonia chloride, 
thiocyanate, ferrocvanide, sulfate, sul- 
fite, thiosulfate, and other of the more 
stable ammonium salts. The gaseous 
ammonia returns through the free leg 
to the gas system and the liquor from 
the still goes to the sewer. 

In the light oil system the enriched 
wash oil is pumped from the gas serub- 
bing towers to a still where the light 
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FIGURE 1.—By-product coke plant flow diagram. 
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SEWAGE 
oil is removed from it by direct steam 
distillation. The hot wash oil is cooled 
and returned to the scrubbing towers. 
The light oil and steam from the top 
of the still are condensed and separated, 
and the water is drained to the sewer. 
The light oil is topped and then washed 
successively in an agitator with strong 
sulfuric acid, water, and caustie soda 
to remove unsaturated compounds. The 
light oil then to frae- 
tionating equipment where it is sepa- 


washed passes 
rated into pure benzene, toluene, and 
xvlene, 


Amounts of Wastes 


Reconsideration of the flow diagram 
from the standpoint of waste products 
shows that a large proportion of the 
water used is for indirect cooling and 
only serves to lower the concentration 
of other pollutants. This includes wa- 
ter used in the primary coolers, wash 

| the 


oil coolers, and in condensers on 
fractionation 


benzol equipment 
that 
Ammonia liquor is 
the rate of 20 to 25 eal. 
This Is 
cent in 


most serious Waste is from 
the ammonia still. 
‘od at 


per ton ot 


produ 
coked. aue- 
about 10 the 
ummonia stills by heating steam.  <Al- 


coal 
mented by per 
though about 90 per cent of its phenol 
has been removed, it still contains some 
300 p.p.m. of phenol, about 1 per cent 
of calcium chloride, plus other organic 
and compounds that have 
and biochemical oxyren 


demands. The 


inorganic 
high chemical 
saturators are not a 
souree of pollution 

The water 


from the final cooler con 


tains about 200° p.p.m 
100 p.pan. of emulsified naphthalene. 
and various other inorgamie compounds 


of the 


phenol, about 


same nature as those found in 
le ammonia liquor, The water is col- 
lected in a sump. where the naphtha- 

ne is recovered from the surface. The 
water, if sent to the sewer, would be 
a much larger source of phenolic Waste 
than the ammonia still waste. as there 
are about 180 gal. of final cooler water 
Ilowever, 


required per ton of coal. 
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since 1941 this water has been used 


for quenching coke, thus considerably 
The water from 
the quenching station would be po- 


reducing the phenol. 


tential source of suspended inert solids 
if not allowed to settle before disposal. 

The remaining source of pollution 
is the light oil and benzol plants. Here 
the water separated in the light oil 
condensation system, although free of 
solids, contains considerable dissolved 
a source of B.O.D. 
The acid sludge, although not a direct 
pollutant, is a 
waste and is disposed of by burning. 


organic materials 


stream troublesome 
The waste water and soda wash from 
the agitator go to the sewer, and al- 
though small in volume are oxygen con- 
sumers. The spent soda wash contains 
sodium sulfite. 


Process Alterations to Reduce Wastes 


Consideration can now be given to 
past alterations in the basic operations 
in the plant to reduce waste. The his- 
tory of pollution abatement at the 
Plant dates back to 
1930, when one of the first Koppers 
vapor recirculation the 
removal of phenol from ammonia liquor 
installed. This one piece of 
equipment keeps about 1,200 Ib. of 
phenol per day out of the river; and 
had it not been for final cooler water. 
the phenol in the plant effluent would 
not have been of too much consequence. 


Follansbee Coke 


systems for 


Was 


The plant was, however, one of several 
phenol contributors in the area and a 
further reduction of all such contribu- 
tors was desired. 

A survey made in 1941 showed that 
7614 per cent of the phenol entering 
the river came from the final 
water, 18 per cent from the ammonia 
stills. and 5 per cent from the light oil 
condensers As final water is 
not too objectionable for quenching 
coke, this was recommended and tried. 

After two months of quenching with 
this water, another survey was made. 
The results showed that the final cooler 
water going to the quenching station 
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had an average of 188 p.p.m. phenol, 
Whereas water from the quencher had 
77 p.-p.m. Considering that much of 
the water is lost as steam at the 
quencher and as moisture in the coke, 
this was a reduction of 
phenol. Permanent arrangements were 
made for quenching with final cooler 
water. 

During the war, pollution abatement, 
while not forgotten, was pushed into 
the background by more important 
things. However, in 1946 the State 
Water Commission requested a com- 
plete semi-annual analysis of our sewer 
effluent. Fortunately, the plant has 
only one outfall into the river. It was 
still somewhat of an undertaking, how- 
ever, as no previous attempt had been 
made to measure flow at the sewer. 

Even though the greater part of 
plant operation is continuous, grab 
samples were not considered repre- 
sentative and it was decided that 24- 
hr. continuous samples would be taken 
for 7 days. The first samples were 
taken by hand every 20 min. This re- 
quired constant attendance at the sewer 
and it became desirable to devise an 
automatic sampling system. For this 
purpose a 7-g.p.h. pump was installed 
so that 8-hr. samples could be collected 
in a drum. .The pump intake consisted 
of a pipe immersed vertically in a tur- 
bulent section of the stream and drilled 
with holes so that a 
sample would be taken. 

For flow measurement, a rectangular 
weir was used. During the first sam- 
pling period the height of water above 
the notch was measured by a U-tube, 
a reading being taken every 5 min. 


considerable 


cross-sectional 


When the sampling pump was installed 
a continuous water level recorder also 
was installed. This consisted of a small 
air pump, mounted on the water pump 
and run from the same shaft, 
used to keep a small stream of air 
bubbling through a vertical section of 
pipe extending into the stream to the 
level of the weir notch. The pressure 
necessary to keep this pipe filled with 


base 
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air was recorded on a 
corder calibrated in 
The analytical methods con- 
formed, as much possible, to 
A.P.H_A. standard methods. There has 
been criticism of the 
B.O.D. test for industrial wastes, but 
the writers believe that it gives fairly 
consistent results for coking wastes. 


pressure re- 
inches of water. 
used 


considerable 


Form for Reporting Data 


After the effluent had been measured 
and analyzed, it was desired to put the 
information into a form that would 
give an over-all picture of pollution 
data to management and to the State 
Water Board. The form used for pre- 
senting this data (see Figure 2) origi- 
nated at the Yorkville, Ohio, plant of 
the Wheeling Steel Corporation. It not 
only records sewer flow and analysis, 
but also the characteristics of the water 
supply and its distribution throughout 
the plant. For the sake of brevity, only 
three days of sampling are shown, but 
the diagram is similar to those sent to 
the Water Commission after the semi- 
annual surveys. The flow figures listed 
are in gallons per day; the analytical 
results, in p.p.m. 

The first thine desired is the nature 
of the water supply. Because a year 
round supply of low temperature cool- 
ing water is desired, wells are used 
rather than river water. Note the im- 
portance of analyzing the water sup- 
ply: two wells show a_ considerable 
oxygen demand. These wells are 
found to have been contaminated, a 
condition not previously suspected. 
The cause was determined and the con- 
dition is being remedied. 

Each well is equipped with a positive 
displacement meter so that accurate 
measurements are available on the sup- 
ply of water to the plant. Water from 
the wells is pumped to a sump, the 
composite analysis listed being that for 
The flow 
quantities listed are the sums of the 
individual meter readings. When 
plant demands exceed well production 
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determined the 
Moisture from the at 
the final be calculated, 
knowing the temperature drop and as- 
suming the gas to be saturated. 
Water from the sump is distributed 
to the 
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2.—Coke plant water distribution and sewer analysis. 
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the plant. It goes to the final cooler, 
wash oil coolers, primary coolers, to 
the ammonia still in the form of milk 
of lime, to the benzol plant as con- 
denser water, to the air compressors 
for cooling, and to a group of company 
nearby for flushing toilets. 
Metered water is also furnished to a 
nearby sintering plant, which has its 
own sewer outlet. 

As previously mentioned, final cooler 
water is used for quenching coke, part 
of it going from the quenching station 
to the sewer and part to the atmosphere 
About one-third of the pri- 
mary cooler water is used to flush out 
the ash pits below the boilers, result- 
ing, incidentally, in some inert  sus- 
pended matter in the sewer. Some 
condensed steam from heaters at the 
benzol plant is used for feedwater on 
locomotive cranes, this water eventu- 
ally going to the atmosphere. Metered 
feedwater to the boiler house is sup- 
plied by the steel works across the 
Drinking water for the coke 
plant and the company houses is sup- 
plied by the City of Follansbee. 

The effluents from all the equipment, 
as well as waste from the 
plant and houses, are collected in one 
main The analysis for this 
sewer is reported for each day, as is 
the flow at the weir. 
Also recorded is the sum of the metered 
inputs to the various parts of the 
plant. The difference represents losses 
to the atmosphere in the plant. 

It is evident from a comparison of 
sewer and service water analysis that 
the impurities added to the water are 
materials causing B.O.D.. chlorides, 
suspended and dissolved solids, am- 
monia, and phenol. Note that hard- 
ness is decreased somewhat. 


houses 


as steam. 


river. 


domestic 
sewer, 


also measured 


Further Pollution Reduction 

The easiest and cheapest time to in- 
stitute changes in operation and waste 
disposal is during an expansion pro- 
eram. rebuilding and expanding 
the coke plant. the opportunity is being 
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taken to make all changes that will 
decrease pollution from the plant. The 
expansion program necessitated instal- 
lation of new by-product equipment of 
sufficient capacity to handle by-prod- 
ucts from both old and new ovens. 

The biggest improvement is to be a 
recirculation system for the final cooler. 
A two-section tower will use mostly 
recirculated water for cooling the gas, 
only a small amount of water from this 
cooler being used for quenching. 
Thus, phenol from this equipment will 
be eliminated. Water from the light 
oil separators will be used for make- 
up water in the recirculation system. 
Inasmuch as this is distilled water, it 
will prevent dissolved solids build-up 
in the system. <At the same time a 
troublesome waste will be eliminated 
from the sewer. 

The only remaining source of phenol 
will then be the ammonia still waste. 
which will be improved by increased 
efficiency of operation in the dephenol- 
izing tower. 

During the early part of the con- 
struction period, the sewer system was 
changed so that domestic sewage could 
be segregated from industrial waste, if 
and when that becomes necessary. 

In closing, it should be emphasized 
that the steel industry as a whole has 
made a determined effort since 1930 
to reduce its contribution to stream 
pollution. In doing this it was first 
necessary to define the nature and vol- 
ume of the pollutants being discharged 
to the river. This paper has described 
the methods adopted and the results 
obtained in studies at one coking plant 
connected with the industry. 
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COMPRESSED YEAST WASTE TREATMENT * 


V. Sludge Formation, Characteristics and Changes 


By Wittem ANp 


Effluents from compressed yeast 
manufacture (1) contain large amounts 
of soluble volatile material (7,000. to 
15,000 p.p.m.) and have high B.O.D 
values (2,000 to 15,000 p.p.m.), but 
contain relatively low quantities of 
suspended solids (50 to 200° p.p.m.). 
In a previous paper (2), it has been 
shown that the effluents can be effec- 
tively treated by anaerobic digestion 
at B.O.D. loadings 30 to 40°) times 
higher than those used with domestic 
sewave sludge. On the other hand, the 
high B.O.D. loadings are not accom- 
panied by similar high suspended 
solids loadings, as would be the case 
with domestic sewage, hence the prob- 
lem of residual sludge produced by 
veast waste digestion can be expected 
to be of less importance. However, to 
obtain design data for a full scale plant, 
it Was necessary to determine the di- 
vested sludge accumulation its 
drainability. In addition, studies were 
made during the course of experimen 
tation concerning the viability of the 
ripe shidge, its ability to withstand 
shock treatment, and the amount of 
seed shidge required for optimum purt- 
fication 

The digestion was carried out as a 
continuous process, involving introduc 
tion of raw spent nutrient and wash 
waters at the bottoms of the digestion 
tanks, passage through a of 
sludge, and removal of the effluent by 
overflow near the tops of the tanks. 
This manner of introducing the raw 
waste was used to achieve maximum 
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contact of the raw material with the 
seed sludge. To prevent loss of the 
finely divided ripe sludge from the di- 
vesters an intermediate settling tank 
was provided. The settled sludge was 
returned daily to the digesters (Fig- 
ure 1). At very high flows, quantities 
of sludge escaped even from this tank, 
and it was necessary to employ addi- 
tional means of retaining the sludge 
solids. 

The settled digester effluent was 
treated on trickling filters the 
sludee discharged from the filters was 
returned to the digesters. 


Starting the Digesters 

The digestion tanks were initially 
seeded with ripe sludge obtained from 
a municipal sewage treatment plant. 
The seed sludge contained large quan- 
tities of scum. On account of the up- 
ward direction of flow through the 
digesters, this could not be retained, 
but overflowed with the effluent to the 
settling tank. It was necessary to re- 
plenish the seed sludge several times. 
When all the scum had been removed 
and replaced by additional ripe sludge, 
the seed consisted of a sludge contain- 
ing 4.5 per cent total solids, of which 
49.5 per cent was ash. The total 
amount of seed sludge in the digesters 
amounted to 7,860) Ib. solids. 
Spent nutrient and other waste frac- 
tions were added in increasing incre- 
ments and the digestion process was 
instituted. Operation of the — pilot 
plant was continued for 57 months. 


Quantities of Sludge 


The amounts of solids added to the 
digesters over a minimum period of 
912 actual working days, expressed in 
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pounds of dry suspended solids, aver- 
aged as follows: 


Daily addition 

In digester effluent 

Returned from settling tank 
Returned from settled filter 
Net 


effluent... 


addition 


During this period a series of sludge 
soundines were made in the digesters 
in an effort to determine the sludge ac- 
cumulation. Samples were taken at 
various the sludge blanket 
for analysis and caleulations of dry 
The sludge accumulation in the 
tanks is illustrated by the results re- 
corded in Table I.) The usual gradual 
increase in concentration of 
from top to bottom was present, except 
during the last sampling, when the 
tanks had been allowed to rest for a 
few days in an effort to determine what 
concentration could be reached with 
time. Of particular interest the 
vradual increase in average solids con- 
centration, during operation, from 4.5 
to 7.1 per cent, because of the method 
of operation. With an upward flow of 
liquor through the digesters, it might 
be expected that practically no increase 
in the density of sludge would occur. 
The decrease in total solids after one 
month of operation was due, in part, to 


levels of 


solids. 


solids 


WASTE TREATMENT 


TABLE I.— Solids Content in Digesters 


| 
Solid: 
eriod Bottom 


(months) % (Ib.) 


Ash in 


Solids 


Potal 


Solids 


Solids 
Drawn 


Ib.) 


Average 


Solids 


2.7 


| 49.5 

53.5 
52.2 
45.0 
49.0 
50.2 


6.3 
| 3.0-6.0 
4.9-6.6 
3.2-7.5 
4.8-12.1 
uniform 


8,300 
8,780 
8,820 


further digestion of the seed sludge, as 
indicated by an increase in the ash con- 
tent. 

The results show that about 54,850 
lb. of dry volatile solids were added 
to the digesters. About 965 |b. were 
drawn and about 840 Ib. accumulated. 
on the assumption that all volatile mat- 
ter in the seed sludge that could be 
destroyed was decomposed after one 
month. This assumption appears to 
be justified when the ash content of 
the original seed sludge is compared 
with the content of the 
at the end of operation. If 
destruction of the volatile matter in 
the sludge took place, it was 
counterbalanced by a_ slightly lower 
rate of destruction of the veast waste 
solids. It appears, therefore. that 


residue 
further 


ash 


seed 


FIGURE 1.—View of digesters, settling tanks, and filters. 
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% SUSP SOLIDS REMOVED FROM SUPERNATANT 
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FIGURE 2.—Effect of lime on removal 
of suspended solids from digester efflu- 
ent. 


about 96 per cent of the volatile mat- 
ter added as suspended matter was de 
This high 
percentage of volatile matter destruc 
tion is undoubtedly related to the long 
time of storage of the residue remain 
ing after the first rapid reduction of 


Re- 


stroved during digestion. 


volatile matter has taken place. 
duction of total volatile solids in the 
waste, which are in soluble 
form, varied from 60 to 80 per cent 
with a digestion time of from 1 to 3 
days. The volatile suspended solids. 
comprising only about 1 per cent of 
the total volatile require a 
longer time for destruction than does 
the soluble volatile material. With a 
storage time of 30 to 40 days a vola- 
tile suspended matter reduction of 60 
to 70 per cent may be expected; hence, 


most of 


solids, 


TABLE II. 
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Cal OH 
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Settling 20-hr. Set 
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100 
250 
500 
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2.000 


July, 1949 


when the residue 


was left in the tank 


for many months a very high percent- 


Un- 
der full scale operating conditions the 
time of storage may not be materially 
different, the relatively 
slow accumulation of sludge. On the 
basis of the results obtained over the 
entire of experimentation it 
appears that the average sludge pro- 
duction would amount to about 300 
val. of ripe sludge (7 per cent solids 
per million waste treated, 
or about 15 of the ripe sludge produced 
from 1] 


sewage. 


age reduction was accomplished. 


because of 


period 


gallons of 


m.g. of an average domestic 


Clarification of Digester Liquor with 
Lime 
the digesters 
increasing volume 
loadings, it became apparent that hy 
draulic conditions were such that with 
certain flows, expansion of the sludge 
occurred, and with very high flows the 
sludge could not be retained in the di- 
gestion Various methods of 
improving the settling characteristics 
of the sludge were studied. 
nary 


During operation of 
with varying and 


system. 


Prelimi- 
studies were made 
with varying amounts of lime slurry 
added _ to 
tures, 


laboratory 


nutrient-sludge mix- 
which represented a 2-day de- 
period. Typical results are 
Table Il, which shows that no 
material compaction of the sludge took 
place, but that a highly clarified efflu- 
ent was produced. The effect of lime 
on clarification is clearly shown in Fig- 
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TABLE III.—Effect of Recirculation on Suspended Solids Content of Digester Effluents (p.p.m.) 


Operation Ist Stage Digester 
Period 
weeks) 

Control Recireulated 

4,000 

46,200 

36,000 

11,600 


1,800 
44,000 
32,400 
25,400 


ure 2.) Nearly optimum clarification 
was accomplished with 1,500) p.p.m. 
lime. On the basis of the laboratory 
results a quantity of lime equivalent 
to 1,500 p.p.m. was added to the di- 
vesters. The effect of the lime addition 
was evidenced by the fact that before 
the addition the suspended solids con- 
tent of the digester effluents was 20,600 
p.pam. in the effluent from the first 
stage digester and 19,600 p.p.m. from 
the secondary digester, whereas two 
days after the lime had been added the 
suspended solids contents of the efflu- 
ents were reduced to 2,000 and 2.600 
p.p.m., respectively. Use of lime made 
it possible to maintain a higher volume 
loading. Increasing the volume load- 
ing again resulted in gradual deteriora- 
tion of the digester effluent. 


Sludge Compaction by Recirculation 


With high volume loadings, gas evo- 
lution It was considered 
possible that much of the diffieulty in 
retaining sludge at very high volume 
loadings was due to entrainment of gas 
by the sludge particles. In an effort 
to aid separation of the gas bubbles 
from the sludge, the digester effluent 
was recirculated and sprayed over the 
surface of the digester contents for 
10 min. every hour. This treatment 
was continued for one month. Average 
weekly results (Table IIT) indicate 
that very little, if any, improvement 
was effected in the first stage digester. 
with some improvement in the effluent 
of the second stage digester, and good 
retention of suspended solids in’ the 
settling tank. Recirculation resulted 


increased, 


2nd Stage Digester 


Control 


Settling 
Recireulated 


Control Recirenlated 


2,400 300 400 600 
2,400 800 800 900 
20,800 
6,200 


1,000 
16,200 


20,600 550 
7,000 900 


in temporary improvement in the see- 
ondary digester, where the sludge was 
retained for about 3 weeks before ex- 
cessive suspended solids overflow again 
occurred, In the settling tank, exces- 
sive overflow occurred after 2 weeks 
without recirculation, but after 4 weeks 
of recirculation, the suspended. solids 
content of the effluent was still within 
reasonable limits. In general, recirceu- 
lation of the digester effluent to pre- 
vent excessive quantities of suspended 
solids passing over the weir of the di- 
gester appeared to be of limited value. 


Recirculation and Lime Addition 

The effect of recirculation in combi- 
nation with addition of lime was stud- 
ied by adding 150 p.p.m. Ca(OH), to 
the raw spent nutrient and recirculat- 
ing the digester effluent for 10 min. 
every hour. The direction of flow 
was reversed weekly—that is, the se- 
quence of the primary and secondary 
digesters was reversed—in order to 
maintain a balance of solids between 
the two tanks. The condensed results 
(Table IV) show that no appreciable 
improvement resulted in the first stage 
digester effluent, whereas good reten- 
tion was obtained in the second stage 
digester and settling tank. After 4 
weeks of operation, excessive amounts 
of suspended material again began to 
appear. 

From the results obtained with re- 
circulation and lime addition on the 
retention of sludge for 4-week periods 
and equal volume loadings, compared 
with results obtained without  treat- 
ment (Table V). it is evident) that 
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TABLE IV.—Effect of Lime and Recirculation 
on Suspended Solids Content of Digester 
Effiuents (p.p.m.) 


Weeks Ist 2nd 
Operation* Stage 


Settling 
Stage 
3,000 650 
1,200 110 

775 225 


14,300 630 


20,700 


23,000 
* 4-day week. 


either method of operation is of value 
for temporary control when sludge ex- 
This may be of 
considerable value in operation when 
large fluctuations or sudden increases 
in flow occur, when the strength of the 
waste is temporarily increased by 
dumping, when temporary short 
cuiting occurs, or when the pH value 
of the waste is unusually low, causing 
expansion or flotation of the sludge. 


pansion takes place. 


Neutralization with Alkalies 


The nutrient as 
contains acidie¢ compounds resulting in 
pH values of 4.0 to 5.0. The effect of 
neutralizing the with alkaline 
substances, including sodium hydrox- 
ide, sodium carbonate, and a_ highly 
alkaline waste from a nearby paper 
mill, in addition to lime, was studied. 
Sufficient alkali was added to neutral- 
ize the raw spent nutrient to pH values 
of 6.5 to 7.0. In these studies particeu- 
lar attention was paid to the effect of 
the alkalies on sludge expansion and 
sludge settling, detention periods vary- 
$8 to 10.5 hr. being 
The sludge particles carried over by 


spent discharged 


acids 


ing from used. 


TABLE V.~ Retention of Sludge in 4-Week 
Period under Equal Volume Loadings 


2nd 
Stage 


None (Control 

Recirculation only 

fecirculation plus 
150 p.p.m. lime 


24,450 
25,900 
27,800 


17,950 
4,575 


4,800 
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the effluent from the digester are finely 
divided and have a slow settling rate. 
Results obtained at various detention 
times and varying concentrations of 
suspended solids in the effluent of the 
digester are shown in Table VI. It is 
evident that for a given detention pe- 
riod higher solids concentrations could 
be handled, without SUs- 
pended solids in the settling tank efthu- 
ents, when the spent nutrients 
were neutralized. Increase in deten- 
tion time from 4.8 to 6 hr. produced a 
settling tank effluent with neutralized 
liquor with a fairly constant suspended 
concentration, whereas without 
neutralization 10.5-hr. detention 
did not produce a settling tank effluent 
without excessive suspended solids. 


Viability of Sludge 

Toward the end of the 57-mouth pe- 
riod of operation, there were some in- 
dications that the digestion 
were retarded, particularly evidenced 
by a lowered efficiency in B.O.D. re- 
To determine whether this re- 
tardation was the result of deteriora- 
tion of seed sludge or was caused by 
other factors, a 2-liter portion of the 
transferred to a_ bottle, 
spent nutrient was added daily in a 
manner similar to the procedure of 


excessive 


raw 


solids 


even 


pre TESSES 


moval. 


sludge was 


earlier laboratory studies, and a com- 
parison made with freshly aeclimatized 
In addition, a comparison 
made with seed sludge that had 
been used in experimental work for a 
number of The pertinent re- 
sults obtained were as follows: 


seed sludge. 


Was 


months. 


Age of sludge (months 
Spent nutrients (ce. 


( produced ee 


2.4 


gm. sludge 
gm. vol 

material added $20 
in gas 28.1 
Total solids destroyed (; 51 
Total vol. matter destroved (‘ 67 
B.O.D. removed 70 


* Ripe sludge acclimatized prior to use. 


With the loading applied, the results 
with 57-month-old sludge were similar 
to the the pilot 


results obtained in 
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TABLE VI.—Removal of Suspended Solids from Digester Effluents by Intermediate Settling Tank 


Digester Influent Not Neutralized 
(pH 4.0 to 5.0) 
Detention 


| 
Digester | Settling Tank | 
Effluent | Effluent 
(p.p.m.) | (p.p.m.) 


(hr. 
Remov 
(%) 


1,000 550 
2,400 600 
3,000 600 
8,000 950 
15,200 2,200 
36,000 20,600 


45 
75 
88 
8&5 
17 


1,600 
23,700 


250 
3,960 


85 
83 


750 
2,250 
11,800 
27,500 


250 
325 
600 
6,750 


It is evident that under com- 
parable conditions the old sludge was 
at least as viable after 57 months of 
use at it was at the beginning of the 
pilot plant operation. The retardation 
observed could not be attributed to 
seed sludge deterioration. There is a 
relation between the quantity of seed 
sludge and the amount of incoming 
food that can handled. Within 
limits, the amount of food that can be 
assimilated increases with the amount 
of seed sludge. For optimum results, 
however, the food must be properly 
distributed. When the seed sludge 
concentrates to a high degree, distribu- 
tion of food becomes more difficult. 
As indicated in Table I, the sludge 
concentration increased to more than 
13 per cent near the end of the pilot 
plant run. This concentration inter- 
fered with the distribution of the up- 
ward flowing liquid, resulting in short 
circuiting and contact with the 
seed material for adequate progress of 


plant. 


be 


less 


al 


Digester Influent Neutralized 
(pH 6.5 to 7.0) 


Digester 
Effluent 


(p.p.m.) 


| 
Settling Tank 
Effluent 


Removal 
~ 
(p.p.m.) 


1,100 
33,400 


730 
1,400 
5,300 

620 
1,100 
1,570 
2,300 
4,000 

20,700 


1,000 
1,400 
2,800 
3,200 


This short. cir- 
cuiting also resulted in an inerease of 
suspended solids in the digester efflu- 
ent. It appears, therefore, that with 
the method of operation employed, too 
much sludge in the digester may be 
detrimental to best results. Examina- 
tion of data obtained with various 
quantities of sludge present indicates 
that the sludge volume retained in the 
tank should not exceed half of the di- 
gestion capacity. 


the biological action. 


Operation Under Shock Conditions 

To determine the ability of sludge 
in the digesters to withstand sudden 
shock loads that might result after the 
digesters have been out of operation 
for some time (on account of interrup- 
tion of production, or maintenance, or 
repairs), or because of sudden dis- 
charge of concentrated liquids as the 
result of spoilage, an operating sched- 
ule of dosing once a week was main- 
tained for 30 weeks. The shock load- 


“i 
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0.250 to 0.335 Ib. 
B.O.D. per cu. ft., or roughly 3 to 4 
times the average daily load that 
normally could be handled without in- 
terruption in operation. The average 
results showed that the reduction in 
B.O.D. varied from 76.5 per cent for 
the lower to 71.5 per cent for the 
higher loadings. The 
values with results obtained 
for similar loadings applied in daily 
This two im- 
portant conclusions to be drawn: (1 
Shock loads applied for 1 day during 
normal operation would not materially 
impair the efficiency of the digesters; 
and (2 
week did not result in deterioration of 
the seed sludge. 


ines varied from 


shock removal 


coincide 


increments. allowed 


resting of the digesters for a 


Quantities of Seed Sludge Required 


It has been indicated previously that, 
because of expansion and carry-over 
of suspended solids, retention of too 
much seed sludge may be detrimental 
to purification. 
seed sludge in too small amounts would 
be unable to cope with the maximum 
amounts of food supplied. Studies 
were conducted to determine the min- 
imum sludge requirements for optimum 
purification. In 
the amount of sludge had been kept 
constant and daily volume dosages had 
been varied to determine minimum de- 
tention time. In non-agitated mixtures 
a minimum detention period of 8 days 
was found necessary for optimum puri- 
fication (2 
volume 


It is also obvious that 


earlier experiments 


This represented daily 
additions of 12.5 per cent to 
seed sludge with 5 per cent solids con- 
centration, corresponding to 50 em. dry 
solids per liter liquid addition daily. 

With the previously determined de 
tention period for ‘‘proper’’ loading 
as well as a reduced detention period 
the daily volume 
additions were kept constant but the 
seed sludge solids in the mixtures were 
varied in an effort to learn whether the 
required detention period was cdeter- 
mined solely by the amount of sludge 


or ‘‘overloading,”’ 
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present, or whether the sludge quan- 
tity was secondary to the total tank 
volume. Figure 3 
show that with either proper loading 
or overloading, beyond a minimum re- 
quired amount of seed, purification in 
a given time becomes constant as the 
The re- 
sults also show that a minimum of seed 
sludge is required for results, 
further that by inereasing the 
amounts of sludge in relation to vol 
ume Joading no optimum purification 
could be reached. On the other hand. 
increasing sludge quantities with the 
same volume loading results in increas- 
It ap 
pears, therefore, that the quantity of 
liquid addition is related to 
time as well as to the amount of seed 
sludge, but that a definite minimum 
amount of seed sludge must be avail- 
able. The results with overloading 
show that detention time and B.O.D. 
loading are more important than in- 
creasing the amount of seed sludge be- 
The mini- 
sludge volume 
required for con- 
under 


Results given in 


quantity of sludge increases. 


and 


ing amounts of gas produced. 


storage 


vond a certain minimum. 
mum amount of 
(5 per cent solids 
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FIGURE 3.—Seed sludge requirement. 
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= 
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FIGURE 4.—Effect of sludge quantities 
under normal digester loading conditions. 


conditions could not be less than 14 of 
the total tank volume. Hence, proper 
operating conditions could be main- 
tained if the seed sludge volume was 
kept between 14 and 14 of the effective 
tank capacity. 

The relation of loading to sludge 
quantities is further indicated by Fig- 
ure 4, in which the percentage of 
B.O.D. reduction and the gas produe- 
tion are plotted against relatively low 
B.O.D. loadings, and by Figure 5, in 
which the same comparison is made for 
relatively high B.O.D. loadings. It is 
apparent that increases in load per 
unit quantity of seed sludge result in 
lower gas production and lower B.O.D. 
reduction. The results are for a diges- 
tion under quiescent conditions ; much 
higher loadings may be applied with 
agitation (2). 


Sludge Drainability 
Although the quantities of digested 
sludge produced are relatively small, 
methods for final disposal must be pro- 
vided. A limited number of experi- 
ments were performed to determine 
the drainability of the digested sludge 
on sand beds and by vacuum filtra- 
tion. When digested sludge with a con- 
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centration of 6.4 per cent solids was 
applied at the comparatively low rate 
of 1% Ib. dry solids per sq. ft. (0.86 
val.), the percentage liquid drained 
was as follows: 


Hours Liquid Drained 
1 31.5 
3 43.5 
6 48.5 


24 52.0 


Little water drained during the next 
24 hr. The solids concentration after 
24 hr. was 17.4 per cent; this is very 
similar to the drainage of well digested 
sewage solids. Additional water re- 
moval could be accomplished only by 
evaporation. 

Vacuum filtration of the digested 
sludge with the aid of various amounts 
of ferric chloride and lime is illustrated 
by Table VII. The chemicals added 


TABLE VII.— Vacuum Filtration of Digested 
Yeast Waste Sludge 


Vacuum) Solids | 


0 75 47 22.4 black 

5 Fe 57 7 214) amber 
10 Fe 63 2.5 14.7 | light straw 
10 CaO 62 | 100 black 
20 CaO 55 | 19 | 18.7 black 

5 Fe plus 10, 53) «1.75 18.7 straw 

CaO 


| 


* Fe as FeCl; CaO as Ca(OH)». 
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FIGURE 5.—Effect of sludge quantities 
under conditions of digester overloading. 
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were on the basis of total dry solids. 
The original solids concentration of the 
digested sludge, amounting to 6.85 per 
cent, Was increased to 22.4 per cent by 
the addition of chemicals, except when 
10 per cent of lime was used. The best 
filtration time obtained with a 
combination of 5 per cent iron salt and 
10 per cent lime. It appears that the 
dewatering of the digested sludge by 
vacuum filtration is difficult and re- 
sembles the results obtained with acti- 
vated sludge. 


Was 


Discussion 


From the standpoint of sludge hand- 
ling, the anaerobic treatment of eftlu- 
from the manufacture of 
presents problem 
different from that of the usual sludge 
digestion process. The operator of the 
digestion plant is 
mainly plagued with the constant ne- 
cessity for disposal of digested sludge, 


ents 


pressed Veast 


sludge 


average 


rather than sludge retention. 


With daily addition of suspended 
solids amounting to only 1 per cent of 


the solids in the sludge, and with a 
high degree of destruction of the sus- 
pended solids, it is clear that no rapid 
accumulation of sludge occurs. Loss 
of sludge from the digesters, on the 
other hand, high 
finely divided state of the sludge par- 
ticles, the upward flow involved in the 
process, and the entrainment of gas on 
the sludge particles. It is highly im- 
that the flow of slidge solids 
be kept to a minimum in order that 


sufficient seed material be retained to 


because of the 


portant 


carry on the digestion process, and that 
the material fed to the trickling filters, 
Which comprise the secondary treat- 
ment, does not clog the filter media. 
Bv virtue of the presence of addi- 
tional alkalinity 
means (spray 


and of mechanical 
recirculation), it was 
found possible to enhance compacting 
of the sludge and to separate entrained 
The value of 
such a procedure is primarily for tem- 
porary control of 


vases from the sludge. 


operation during 
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periods when sludge expansion takes 
place, resulting in loss of seed sludge. 
Buswell (3) reports that continuously 
operating tanks require 
every 2 vears, on the assumption that 
the viability of the sludge gradually 
The experiments reported 
herein show that after 5 vears of con- 


reseeding 


decreases. 


tinuous operation the seed sludge was 
at least as effective as after one month's 
operation. The periodic 
reseeding may be explained by losses 
of seed, rather than by reduction in 
biological activity of the sludge. Ex- 
perimental evidence indicates that too 
much sludee may be as detrimental to 
good purification as too little sludge. 
It is essential to maintain optimum 
volumes of sludge by judicious sludge 
withdrawal, but to prevent too much 
accumulation. At the same time, it is 
essential to maintain effective control 
of the digester effluent over a periph- 
eral weir, together with proper distri- 
bution of the raw liquor through the 
The method of introduc- 
waste into the bottom of the 
digester through slowly rotating per- 
forated and 
practicable. 


reason for 


seed sludve. 
ing raw 
pipes appears feasible 

Inasmuch as the amount of volatile 
suspended solids comprises only about 
l per cent of the total volatile solids in 
the raw and retention of the 
sludge in the tank is lone, it can be ex- 
pected that only comparatively small 
amounts of sludge remain for final dis- 
posal. The quantities of sludge pro- 
duced during the extended period of 
operation appear to be of the same 
order as obtained with similar 
wastes by Jensen (4), who pointed out 
that it was necessary to draw sludge 
only after 4 vears of operation. Our 
results indicate that frequent drawing 
of small quantities of sludge is prefer- 
able to retention of sludge in the di- 


Waste 


those 


vesters for long periods. 

The manufacture of yeast is essen- 
tially a bateh process. Therefore, long 
week-end rest periods may be enecoun- 
tered. Interrupted operation, together 
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with the possibility that batches may 
be dumped, may place a heavy load on 
the digesters. The ability of anaerobic 
withstand sudden wide 
Variations in load, provided. sufficient 
ripe sludge is available, is well known. 
The experiments have shown that the 
same holds true for treatment of veast 
effluents. 

The digested sludge can be de- 
watered on sand filters and, with the 
aid of vacuum filters. 
The loadings would be less, however, 
than with digested sewage sludge. 
The behavior of the digested sludge in 
vacuum filtration is similar to that of 
activated sludge, probably because of 
the extremely fine particles with rela- 
tively large surfaces which retain the 
water. 

It is frequently assumed that soluble 
volatile matter should digest at a 
higher rate than suspended volatile 
matter, because the suspended comple. 
material must be liquefied befor 
further decomposition can take place. 
If this assumption is correct, one 
would expect to find that the loadings, 
expressed either as volatile matter or 
as B.O.D. per unit of seed material or 
per unit of digestion capacity, would 
be greater with soluble material than 
with suspended solids, provided such 
environmental conditions as tempera- 
ture and reaction are the same. It is 
of particular interest, therefore, to 
compare volatile matter and B.O.D. 
loadings of material such as veast 
waste, which is mostly soluble and col- 
loidal in nature, with domestic sewage 
sludge preponderantly of 
suspended organic matter. 

Under quiescent conditions at 82° 
KF. digestion temperature, the B.O.D. 
loading of yeast waste was found to be 
equivalent to 0.02 Ib. B.O.D. per Ib. of 
volatile matter in the seed sludge, or 
a daily addition of 3 Ib. of volatile 
matter per 100 Ib. of volatile matter 
in the The relation between 
B.O.D. and volatile matter in the raw 
waste is 1: 2.5. 


processes to 


chemicals, on 


consisting 


| 


This is of the same 
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order as the B.O.D.-volatile matter 
ratio in fresh sewage sludge. The 
volatile matter loadings in sewage 


sludge digesters kept at 82° F. is about 
) per cent per day, or an equivalent 
of 0.02 Ib. B.O.D. per Ib. of volatile 
matter. It appears, therefore, that 
soluble organic matter is not decom- 
posed at a greater rate than suspended 
organic material, when a specific per- 
centage B.O.D. reduction, volatile mat- 
ter reduction, or gas production is to 
be accomplished under quiescent con- 
ditions. 

However, when an intimate contact 
of the yeast waste with the seed sludge 
is maintained (stirring), an 80 per 
cent B.O.D. reduction is obtained with 
an addition of 20 per cent volatile mat- 
ter. This means a loading of 0.2 Ib. 
volatile matter per lb. of volatile mat- 
ter in the seed sludge, which in turn is 
equivalent to 0.08 Ib. B.O.D. per Ib. 
of volatile matter, or a loading four 
times as great as under ‘‘quiescent”’ 
conditions. Various methods employed 
to mix fresh solids with seed sludge 
also allow higher loadings. 

It would seem that development of 
proper methods of mixing fresh sew- 
age solids with seed sludge, either in 
one tank or in a series of tanks (in 
so-called ‘‘stage’’ digestion tanks), 
may lead to material reduction in re- 
quired digestion capacities, or to in- 
creased loadings. 


Summary 


Studies on the quantities of sludge 
required for efficient operation of di- 
gesters for compressed yeast wastes, 
on the volumes of sludge produced, 
and on its characteristics, show that 
definite minimum quantities of seed 
sludge are required, but that excessive 
quantities are detrimental to good 
purification. Because the suspended 
solids present are only 1 per cent of the 
total solids in the waste, sludge ac- 
cumulation is slow. Neutralization of 
the raw spent nutrient to about pl 
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6.5, with concomitant Increase in alka- 
linity, results in greater retention of 
sludge in the digesters and improves 
sedimentation of 
tank, preventing sludge 
recirculation of — the 
enhances settling of 


sludge in subse 
quent settline 
losses. Spray 

effluent 


sludge by virtue of the separation of 


digester 


entrained gas. Seed sludge originally 
procured from a municipal 
plant remained viable for at least 5 
required. 


sewave 


yr. and no reseeding was 
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The sludge is capable of withstanding 
shock loads with no apparent retarda- 
the purification 
Drainability of the digested sludge is 
than that of sewage 
and vacuum filtration with 
chemicals produces results similar to 
that obtained with activated sludge. 
Proper mixing of raw waste with the 
seed sludge allows higher loadings than 


tion of processes. 


poorer digested 


sludge, 


does digestion under 
ditions. 


quiescent con- 
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OHIO VALLEY PHENOL WASTES REDUCED 


Eighty per cent of the phenol waste 
from by-product coke plants, hereto- 
fore into the Ohio River 
and its tributaries, has now been elimi- 
nated according to the Ohio River 
Valley Water Sanitation Commission. 
The reached its 
sion from an analysis of corrective 
taken by the major 
plants in the Ohio River 
These plants have placed in 
operation facilities for minimizing the 
effects of wash-water 
wastes, either by installation of closed 
circulation systems or by recovery of 


discharged 


Commission eonelu- 


measures coke- 
producing 
basin, 


object ionable 


phenol as a usable by-product. 


The Commission’s investigation in 


cluded all 23 by-product coke plants 


within the basin. Depending on_ lo- 
cation, these facilities remove from 80 
to 99.5 per cent of the phenolic com- 
pounds that otherwise would be dis- 
charged directly into the streams. At 
10 plants, where treatment measures 
are not adequate, notification has been 
viven or plans are being made to im- 
the The report on 
phenol-pollution control was made by 
a committee of the 
sisting of the following state sanitary 
engineers: H. Waring, Ohio 
(Chairman); F.C. Dugan, Kentucky ; 
K. S. Watson, West Virginia; and H. 
E. Moses, Pennsylvania. 


prove situation. 


Commission c¢on- 


? 
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Stream Pollution 


The rendering of justice is one of the 
most difficult maneuvers undertaken by 
man, The primary reason for this diffi- 
culty is that the differentiation between 
things that are right and wrong is 
based on belief in conformity to spir- 
itual law or on the following of tra- 
ditional standards. Common law, the 
unwritten law that receives its binding 
force from immemorial usage and uni- 
versal reception, together with statute 
law are generally believed to be a rea- 
sonable attempt by man to determine 
right from wrong in a fair way. 
Those who are familiar with law and 
courts know, however, that there often 
have been cases with almost similar 
evidence presented, but with opposite 
findings by the courts. It is not un- 
common for a higher court to reverse 
the decision of the lower court. There 
are even instances where the same court 
has heard the same case several times 
with several reversals of opinion (1). 
Such inconsistencies leave one wonder- 
ing whether or not there are truths 
definitely established the courts. 
Certainly, however, when matters are 
brought into court there is reason to 
believe that the plaintiff feels that there 
has been an injustice done but the 
injustice may or may not be sufficient 
in the opinion of the court to award 
damages. Nevertheless, the decision of 
the courts is very helpful in establish- 
ing basic information that will indi- 
cate to possible offenders the degree of 
stream pollution that is likely to be 
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brought before the courts. Phelps and 
Montgomery in 1917 reviewed and re- 
ported on some 350 court cases where 
the plaintiffs were claiming pollution 
of streams and other bodies of water. 
The abstracts of these cases were made 
with the view of bringing out whether 
the defendants in the eases had in- 
flicted damage recognized as such un- 
der either common law or statute law. 
The attitudes of the courts have been 
such that nearly all attention has been 
given to the effects upon the plaintiffs, 
their rights, or properties, with but 
little attention given to the actual con- 
dition of the receiving stream. How- 
land and Wiley (2) in their discussion 
on ‘‘How Do You Determine When 
a Stream is Polluted’’ stressed par- 
ticularly the minimum standards that 
have been established under authoriza- 
tion by state laws. They also stressed 
the importance of the attitude of 
reasonableness on the part of regula- 
tory agencies in carrying out their en- 
forcement programs. 

At present, neither the court de- 
cisions indicating damage, the 
minimum standards for streams estab- 
lished by regulatory agencies, suffice 
to answer the question asked by many 
industries : ‘‘ What degree of treatment 
must be provided for our particular 
waste?’’ Hart (3) says, ‘‘. .. in- 
dustry is wondering how it is to know 
when and under what conditions it 
will know that the program (their 
waste treatment program) is satisfae- 
tory... . Surely this cannot be an- 
swered in terms or degree of waste 
treatment alone. ... Examination of 
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the stream itself will show when the 
job is done.’’ He then goes on to say 
that the chemical and biological ex- 
aminations of streams will indicate 
whether satisfactory job is being 
done. The question will then arise as 
to who will pass judgment on when a 
stream is not in a satisfactory 
condition. ‘True, laws and regulations 
must be obeyed if and provided, of 
they meet that requirement 
which states in substance that statute 
law must be reasonable. 


Is or 


course, 


The reason- 
ableness of law or regulation is affirmed 
by court action. Court cases that will 
establish suitable chemical and 
logical conditions of streams have ap- 
parently not been before many of the 
courts, and as a 


bio- 


result such informa 
tion is not yet available ; 


not readily available. 


at least it 1s 
Until such time 
as the minimum requirements of law 
and regulation are being considered in 
court it is necessary to refer for basic 
reference to court 
the degree of pollution was in some 


those Cases where 
way established by the evidence pre- 
sented. 

In the case of the Paragon Paper 
Co, v. The State (Indiana) in the Ape! 
late Court of Indiana (4) the evidence 
from the lower court read as follows: 

. that appellant (Paragon Paper Co.) 
unlawfully and injuriously caused, 
fered, and permitted, and still does cause, 
suffer, and permit, offal, filth, and noisome 
substances and fluids to be colleeted and 
deposited, and remain in said river, and 
cause the same to flow into said river, and 
along and down said river, in and with the 
water thereof, and to settle and be depos 
ited and remain upon the banks and bed of 
said river, forming a noxious, noisome, and 
offensive slime adjacent to said factory, 
and downward therefrom, along the course 
of said a distance of eight miles, 
whereby the water in said river then and 
there was polluted, and rendered noxious, 
impure, 
stinking, man and 


beast and whereby the atmosphere for a 


river, 


poisonous, offensive,  dise¢ lored, 


and unwholesome for 


distance of two miles on each side of said 


SEWAGE WORKS JOURNAL 


duly, 1949 


river, and for a distance of eight miles 
along the course of said river... .” 


Even though the upper court reversed 
the decision of the lower court no 
mention is made that it did so on the 
basis that the evidence presented did 
not prove that the river was polluted 
by wastes from a paper company. 

From this cited experience it can be 
coneluded that any discharge into a 
stream that will deposit objectionable 
solids and slimes upon a river’s bottom 
or banks may bring about court action. 
It is such evidence as given that backs 
the regulation of the Ohio River Valley 
Compact; that is, ‘‘ All 
shall be treated to provide for 
substantially complete removal of 
settleable and the removal of 
not less than forty-five per cent (45% ) 
of the total suspended solids.”’ 

The next is also one in- 
volving paper companies. There is no 
intention of particularly pointing out 
this industry as a perpetual offender, 
but because of the meager evidence in 
these court cases that can be used it 
is necessary to resort to available in- 
formation. 

The West Muncie Strawboard Co. ap- 
pealed its case to the Indiana Supreme 
Court (5) after the plaintiff, Slack, 
had won his case in the Cireuit Court. 
The submitted included the 
following: 


sewage 


solids, 


case cited 


e\ idence 


“White 


watercourse 


natural 
that prior to the commission 
of the aets complained of 


River, which stream is a 
(erection and 
operation of paper factories), this stream 
was well adapted to the watering of cattle 
and to other agricultural purposes, and 
was well stocked with fish: . that each 
of the appellants in the operation of its 
respective mill, discharged large quantities 
other deleterious sub- 
stances into the waters of Brick Creek and 
White River, thereby destroying the fish in 


of chemicals and 


said streams, creating noxious vapors, and 


breeding large numbers of flies and other 


insects; 


The Supreme Court *‘finding no error 
the judgment is affirmed.”’ 
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Wastes containing chemicals that had a private sewer extending from the dis- 


will kill fish are, according to the court 
finding, objectionable in a stream. In 
this case, as in the one previously 
cited (4), noxious odors from the re- 
ceiving stream were one of the objec- 
tions of the plaintiff that was taken 
into consideration by the court. It 
might also be econeluded that the dis- 
charge of a waste that provided food 
and a breeding place for insects is ob- 
jectionable and in the eves of the court 
a reason for insisting on corrective 
measures. 

In the case of Luther eft al. v. Village 
of Batavia (N. Y.) (6) damages were 
awarded against the city for pollution 
of a stream by municipal sewage, be- 
cause ‘‘. . . the evidence fairly shows, 

.. that the waters of this stream be- 
came contaminated with offensive mat- 
ter from sewers; that the waters of the 
stream were covered with a seum, gave 
off at times offensive odor, became so 
filthy that the eattle would not drink 
of it, and that fish died; and that the 
filthy odor of the ereek caused discom- 
fort and annoyance to the plaintiff. 
... It is realized that it may have 
been the combination of all of these 
complaints that influenced the court 
in its decision, but it seems reasonable 
to believe that each complaint in itself 
would be objectionable. 

Special attention is called here to 
the statement that scum on the water 
surface is objectionable and may in 
other cases be reason for complaint 
and court action. 

Henry Kraver, a distiller of Hender- 
son, Ky., was not satisfied with the de- 
cision of the lower court when he and 
the City of Henderson were sued for 
damages for polluting Canoe Creek. 
Therefore, he took his case to the Ken- 
tucky Court of Appeals where, on a 
technicality, the findings of the lower 
court were reversed. The higher court 
did not refute the evidence, which 
showed that: 

“For several years last past until Aug. 
1912 the appellant (Henry Kraver) has 


tillery into the creek, which carried off 
during the times of the operation of the 
distillery very large quantities of slop aris- 
ing from the distillation of corn and other 
grain. This slop when it first leaves the 
distillery is milky white in color and flows 
easily, but when it reaches the ereek it 
settles to the bottom, and by exposure to 
the action of the water and air after a time 
the solid elements in it turn very black, de- 
compose, and give off a very nauseating 
odor. On account of the current being 
sluggish, the solid elements of this slop 
settle and form a substance upon the bot- 
tom of the stream, which continues, in fact, 
for months thereafter... .” 


It is believed that this evidence indi- 
cates that a discharge of any waste 
such as distillery slop to a stream in 
a quantity sufficient to cause deposition 
of solid material on a stream bottom 
with eventual decomposition would in 
all likelihood be considered a trouble- 
some pollutant. 

In the Mayor of Baltimore v. War- 
ren Manufacturing Co. case (7) the 
evidence stated: 


“What nature and extent of pollution of 
the stream will call for the active inter- 
ference of the court is not in all cases easy 
to defend. It is not every impurity im- 
parted to the water, however small in de- 
gree, that will be the subject of an injune- 
tion. All running streams are, to a certain 
extent, polluted; and especially are they 
so when they flow through populous re- 
gions of country and the waters are utilized 
for mechanical and manufacturing pur- 
poses.” 


It would seem that perhaps the court 
was impressed that the amount of pol- 
luting material to which the plaintiff 
was objecting was very small, but it 
must be remembered that this case was 
heard in 1882. What might have been 
called minor pollution then might to- 
day be considered gross pollution. The 
point to be made in this ease is that 
even minor pollution may be brought 
to the attention of the court. 

In the case of Worthen & Aldrich v. 
the White Spring Paper Co. (8) the 
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defendant was engaged in the manu- 
facture of paper from pure cotton and 
linen rags in a mill about 14 mile above 
the works of the complainants. The 
evidence states that: 


“the pollution consisted of placing in the 
stream large quantities of waste cotton 
fiber, the particles of which varied in 
length from 442 to “xs in. and at times the 
deposit was in such quantities as to be 
actually visible to the eve in the discolora 
tion of the water of the canal and river 
and in the deposit of quantities of the 
same material on the ground forming the 
banks and beds of these waterways.” 


This case points out the possible ob- 
jection that may be raised to the dis- 
charge of organie fibers into a stream. 
In this particular case the fibers were 
clogging screens used by the plaintiff 

Quoting from MacNamara y. Taft 

(9): 
“the evidence shows that the defendant 
used daily at this mill (for manufacture of 
satinet cloth) a large quantity of oil, put 
upon the material before it is spun, and 
180 pounds of soap, 165 pounds of soda 
ash, 45 pounds of soda salts, 200 pounds 
of extract of logwood, and 43 pounds of 
blue vitriol in fulling and dyeing his cloth. 
After these chemicals are put into the full- 
ing mill and taken up by the cloth, the cloth 
is placed in washers and washed. <A large 
part of the logwood and vitriol, and sub 
stantially all of the other chemicals, are 
washed out and discharged into the stream 
The effect of this discharge is to make the 
water dark in color and to give it an oily 
odor and taste such as to prevent the plain 
tiff’s cows from drinking it... .’’ 


The stream that received these ma 
terials was, in its natural state, 8 to 
12 ft. wide and from 3 to 6 ft. deep. 
The logwood probably was responsible 
for some or all of the color to which 
objections were made. The oil 
perhaps some of the grease from the 
soap would float, and the court appar- 
ently objected to this characteristic of 
the waste. Perhaps no attempt should 


and 


be made to indicate the possible objec- 
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tions to the individual constituents of 
the waste. but rather make a general 
statement saying that a combination of 
noticeable quantities of the several com- 
pounds will be objected to by regula- 
tory agencies or riparian owners below 
the point of discharge of the waste into 
the stream. 

In the the Silver Spring 
Bleaching and Dyeing Co. v. The Wans- 
kuek Co. (10) an injunetion was granted 
against the defendant. a woolen goods 
manufacturer, who was polluting a 
stream by means of dvestuff to the in- 
jury of the plaintiff, a cotton goods 
manufacturer. It is indicated in this 
case that it was only the diseoloring 
of the stream that brought about the 
court action. 

A peculiar 


ease of 


was handed 
down in the Hill v. Standard Mining 
Co. case (11), where the plaintiff was 
sueing for damages resulting from dis- 
charging and 


stances arsenic, 


deeision 


debris 
(lead, 


poisonous sub- 
into the 
stream. In this case the court ruled 
that the defendant had no right to 
change the course of the stream by 
dumping debris into it, but the dump- 
ing of the poisonous substances was 
ruled as a in. the 
mining operation. This particular il- 
lustration is cited to show the peeuli- 
arities of court decisions, and at the 
same time to show that the discharge 
of poisonous substances such as arsenic 
and lead can be considered as a logical 
reason for bringing court action against 
an offender. 

In the much quoted Sanderson case 
(12) the plaintiff alleged in her com- 
plaint that ‘‘the large volume of mine 
water, which the defendant company 
poured into the brook above, had eor- 
rupted the stream to such an extent as 
to render it totally unfit for domestic 
use; that the fish were destroyed, the 
pipes corroded, and the entire appa- 
ratus for utilizing the water was ren- 
dered worthless.’’ This case was twice 
decided in the plaintiff’s favor in the 
Supreme Court of Pennsylvania, but 
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it was brought before the court a third 
time, and four judges out of seven 
held that the plaintiff was entitled 
neither to damages nor to an injune- 
tion. From such a record it is safe to 
say that a similar situation of mine 
waste discharge would today receive 
attention, and that the discharge of any 
waste doing similar damage would be 
considered a pollutant. The company 
discharging any such waste could cer- 
tainly expect court action to be taken 
if it did not proceed to correct the 
trouble at once. 

In Kinnaird v. Standard Oil Co. 
(13) the defendant had stored petro- 
leum, which leaked and percolated 
through the ground until it reached the 
plaintiff’s spring of water. The pol- 
lution of waters with even small 
quantities of oil results in demands 
for justice from the courts. It is en- 
tirely that contamination 
with other substances may result if 
objectionable materials are stored in 
quantities in earthen lagoons, or the 
discharge of waste waters into under- 
ground strata is permitted. 

In Berry v. Shell Petroleum Com- 
pany (14) Berry claimed that salt 
water had seeped from the municipal 
sewer system into the ground water 
and had finally damaged the water 
supply on his property. This is not a 
direct case of stream pollution, but it 
serves as a possible indication to those 
who may consider or wish to discharge 
salt brine wastes to receiving waters. 
No mention is made in the information 
available on this case as to whether 
the brine materially changed the taste 
of the water supply, or whether it 
changed the chemical characteristics, 
such as the hardness. 

At present there is some discussion 
among states in the Ohio River Valley 
regarding the discharge of brine into 
the Ohio River to the extent that it 
would slightly inerease the hardness 
of the river water. The Berry case 
may be of help in settling the Ohio 
River brine waste problem. 


possible 


LEGAL INDICES OF STREAM POLLUTION 


In the Masonite Corporation v. Hill 
(15) ease, Hill had originally filed suit 
for damages resulting from bathing in 
poisonous water in a running stream 
contaminated by wastes from the Ma- 
sonite Corporation mill. The manu- 
facturer testified that the only chemi- 
cals discharged into the stream were 
caustic soda, petroleum, and methyl 
alcohol. The court believed that Hill 
should have proved that poisonous 
substances were present in the water 
by having a chemical analysis made of 
the water. 

Here again, technicalities may have 
influenced the findings of the court. 
It is indicated that should discharges 
of caustic, petroleum, or methyl alco- 
hol be such as to cause skin irritation 
the producers of the waste would be 
faced with court action. March (16) 
says that it takes only 18 p.p.m. of 
caustic lime in water to kill fish. It 
has not been possible to establish this 
concentration from evidence presented 
in the courts. 

This collection of information from 
court cases is only a very small fraction 
of that needed to establish a basis for 
indices of stream pollution. State 
laws governing pollution of streams in 
the several states are, in general, no 
more rigid than the precedents set up 
in the court cases cited. The Illinois 
act, establishing a sanitary water board 
to control, prevent, and abate pollu- 
tion of streams, lakes, ponds, and other 
surface and underground waters in the 
state, is a good illustration of a reason- 
able and effective law. 

If the court actions cited are com- 
pared to the Illinois act, it will soon be 
apparent that in general the court evi- 
dence gives backing to the law. This 
certainly should add strength to all 
similar pollution laws because it es- 
tablishes their reasonableness with 
court decisions. 

The accumulation of more court evi- 
dence showing the condition of streams 
is recommended. It is believed that a 
complete compilation of all available 


3 
| 
a 
: 
nee 
¥ 


716 


court evidence that shows the condi- 
tion of streams declared by the court 
to be polluted would be of material 
help to all who are interested in pollu- 
tion abatement. 

Acknowledgement is made of the as- 
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in eollecting the data 
used herein by R. A. Canham, Sani- 
tary Engineer, National Canners <As- 
sociation, Washington, D. C., and W. 
E. Dunn, Sanitary Engineer, Florida 
State Board of Health. 
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INDICES OF STREAM POLLUTION—A DISCUSSION 


By Rosert N. CLARK 


Chief, Public Health Engineer, Tennessee 


Professor Bloodgood’s approach to 
the Indices of Stream Pollution is ex- 
tremely gratifying. Instead of a 
learned and highly technical discus- 
sion of the limits, possibly to the last 
decimal place, that should be placed on 
B.O.D., oxygen, coliform 
organisms, solids, and a host of other 
constituents, he has taken us right 
back to the fundamental fact, which is 
liable to be forgotten or ignored, that 
laymen provide the necessary funds 
and will constitute the jury that passes 
final judgment on the success or fail- 
ure of all stream sanitation programs. 


dissolved 


Valley Authority, Chattanooga, Tenn. 

Any stream sanitation program which 
ultimately does not satisfy the public 
and give it what it wants is doomed to 
failure. 

This is not to imply that all of the 
tediously fashioned technical tools for 
measuring and evaluating the effects 
of stream pollution, and for caleu- 
lating the reduction in pollution nee- 
to restore aceeptable water 
quality in the stream, should be dis- 
carded immediately. Those things 
that are known to be necessary to re- 
store a sick stream to health must be 
continued, but the noticeable symptoms 


essary 
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that accompany the sickness must also 
be removed. 

As long as those symptoms remain, 
the layman finds it extremely difficult 
if not impossible to understand that 
anything actually has been accom- 
plished. Neither being equipped with 
nor understanding the use of all the 
intricate paraphernalia of the labora- 
tory, he logically uses for measure- 
ment tools with which he is 
naturally endowed—his senses of 
feel, sight, smell, and taste—in_ his 
judgment of a stream. If his drink- 
ing water, taken from a river and 
passed through a treatment plant, 
tastes, smells, or looks bad, or makes 
him sick, either the river is polluted, 
or the water plant operator put too 
much chlorine in the water. If un- 
natural odors arise from a stream, or 
the stream bed is clogged with de- 
posits, or the surface is covered with 
unnatural floating matter, ineluding 
dead fish, or the water is highly or 
unnaturally colored, or its clarity is 
reduced by suspended matter, it is pol- 
luted. It is as simple as that. Great 
difficulty will be encountered in eon- 
vincing him otherwise, despite the 
overwhelming evidence of the most 
refined bacteriological, chemical, and 
biological measurements. 

There is a definite need for better 
understanding between the sanitary 
engineer dealing with stream pollution 
and the public. Engineers are prone 
to feel just a bit superior and to insist 
that they know what is best for the 
public because they understand, at 
least partially, the mysteries of the 
natural phenomena through which a 
stream purges itself of pollution. It 
has been found that many of these 
phenomena can be formulated and de- 
fined in numerical terms. Scientists, 
by basie training and perhaps by in- 
herited inner compulsion, shy away 
from those things that cannot be tied 
up in neat mathematical packages. We 
feel helpless, however, when faced 
with the necessity of evaluating such 
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intangibles as human psychology, 
which cannot be expressed in num- 
bers with the decimals all properly in 
place. Nevertheless, the psychology 
of man’s reactions to water, 
which in ancient times was listed as 
one of the four elements of which the 
universe was composed, is a factor 
that must not be omitted in any 
formula set up to calculate what cor- 
rective measures a polluted stream re- 
quires. 

It is difficult even to put in words, 
much less to put in a formula, but 
there is a human instinct that reacts 
spontaneously to the feel and sight of 
clear, clean water. It is so deeply in- 
grained and so difficult to rationalize 
that it must have deep roots in primi- 
tive man’s complete dependence on 
springs and streams for his very exist- 
ence. Relaxation of our scientific 
prejudices, and purely emotional con- 
templation of some of our own reac- 
tions to water, may help to place this 
proposition in its proper perspective. 

Childhood) memories that remain 


basic 


longest are the pleasures of fishing in 
a quiet pool and frolicking in the old 


Nothing can arouse 
a greater sense of injustice and rage 
than to return after many vears and 
find these waters despoiled by pollu- 
tion. The real fisherman's fascination 
with fishing cannot be attributed en- 
tirely to the fish he catches, for he re- 
turns home empty handed time after 
time, vet always goes back again. The 
pressure and relaxation derived from 
close association with water must ae- 
count, at least in part, for his devotion 
to the sport. On a pienie one seeks, 
without conscious volition, a spot near 
clear running water or a quiet lake. 
Even the soggy bun and the cold hot 
dog taste much better when there is 
the sound of running water in the back- 
ground or the sight of calm water in 
the foreground. A beautiful scene re- 
laxes inner tensions and soothes the 
It is all the more effective if a 


swimming hole. 


soul. 


‘ 
- 
: 
he 
+ | 
3 
5 
“nig 
BA dy 
“Ts 


718 SEWAGE 
blue lake is a prominent part of the 
landscape or a majestic river occupies 
the foreground. Can there be any 
denial that these simple pleasures are 
essential in our scheme of things? 
However, the noticeable effects of 
pollution—objectionable floating ma- 
terials, turbidity, color, taste, and odor ; 
those things to which the layman ob- 
jects—not only deny the relaxation 
these essential pleasures would bring, 
but actually add to the tensions that 
are inevitably a penalty of modern 
civilization through the irritations 
aroused by despoilation of an impor- 
tant feature of mother nature’s beauty. 
This may sound like a plea for pris- 
tine purity of streams. It is not in- 
tended as such. It is a_ rebuttal, 
rather, to those who claim that a pol- 
lution control program must be based 
on an exact dollars and cents balance 


of cost of corrective measures against 
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value of benefits derived. This phi- 
losophy may be the natural result of 
the scientist ’s essential faith in figures, 
but the side of the scale in favor of 
correction all too frequently will be 
short weighted unless the dollars and 
cents values of the aesthetic pleasures 
can be included. 
values? 


Who can assess these 
Certainly neither any single 
individual, nor any limited group of 
individuals. Those who have faith in 
the democratic process believe that the 
opinion of the majority, although it 
may vacillate, eventually arrives at a 
sound conclusion. Technical man 
must take care of the technical indices 
of pollution, but the public opinion 
of stream sanitation is going to be 
based on those things that the public 
can feel, see, taste, and smell. It must 
not be forgotten that in the end sue- 
cess in stream sanitation will be judged 
by a jury of laymen. 


ACTION URGED BY POLLUTION CONTROL BOARD 


As part of a far-reaching program to 
improve safeguard the nation’s 
new Water Pol- 
lution Control Advisory Board (Tuts 
JouRNAL, 21, 2, May, 1949) de- 
cided at its organization meeting in 
May to hold a number of future meet- 
ings in different parts of the country 
and first-hand 
the water problems of specific areas. 

Although the Water Pollution Con- 


and 


water resources, the 


552; 


obtain information on 


trol Act passed by Congress in June, 
1948, authorizes Federal expenditures 
for loans and other assistance over a 


d-vear period, no specific appropria- 

Bills now 
provide for 
llowever, 


tions have vet been made. 


before Congress do not 


construetion loans. it is be- 


lieved by the 
ing through 
available for 
abatement work.  <Aceordingly, the 
Board urged municipalities which 
might be delaying construction of sew- 


Joard that ample finane- 
non-Federal 
considerable 


channels. is 
pollution 


age treatment works in the hope of 
Federal financing to with 
their projects at the earliest possible 
time, 

It also recommended that 


proceed 


the Gov- 
ernment push ahead with the planning 
of a comprehensive program and con- 
tinue to offer such technieal guidance 
and assistance as possible under the 
Act, in preparation for fuller develop- 
ment of the program in the fiseal year 
1951. 
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THE OPERATOR’S CORNER 


Conpuctep BY Hersert P. OrRLAND 


THE LIFE YOU SAVE... 


A yaluable lesson ean be learned 
from the experience of John Hood, 
Superintendent at Ridgewood, N. J., 
as related in an article in The Corner 
this issue. The reported rupture of 
a chlorine cylinder, presumably by in- 
ternal damage due to moisture pre- 
viously introduced by back-siphonage, 
is typical of the manner in which 
catastrophe can strike. It happened 
before; it can happen again. Even 
now, a cylinder with incipient failure 
of this type may he standing on the 
scale or in the storage rack of one or 
more sewage treatment plants. Who 
can know the internal condition of the 
evlinders delivered to him? 

Obviously, demands a 
Equally obvious is 
the necessity of being prepared to cope 
with its leakage, not only in the small 
quantities of joint leaks, but also in 
the wholesale quantities involved in 
the failure under discussion. The spe- 
cial equipment needed must be on hand 
and in top flight condition; personnel 
trained in its use must be always im- 
mediately available. Several good pub- 
lications covering these subjects are 
procurable, notably the Federation’s 
‘*Safety Manual’’ and the manuals of 
the major chlorine manufacturers. 

Emergency procedures should be 
worked out beforehand and then made 
a part of the finger-tip knowledge of 
all plant personnel. Major points to 
cover include: 


chlorine 
healthy respect. 


1. Summoning aid, not only to the 
plant, but also for evacuating residents 
of areas that might be affected. 


2. Disposing of the leaky container 
by immersion in a flowing or large 
body of water, by burial in moist earth, 
or by caustic soda neutralization. 

3. Ventilating and decontaminating, 
as far as possible, equipment and en- 
closed areas involved. 


If, despite all precautions, someone 
is poisoned by the gas, loss of life or 
permanent injury may be prevented 
by the observance of these few simpie 
rules: 


1. Remain calm, promptly remove the 
patient to the open air away from any 
traces of chlorine, place him on_ his 
back with head slightly elevated, and 
keep him warm. 

2. Call a physician immediately. 

3. Remove any clothing contaminated 
by liquid chlorine or chlorinated water. 

4. If the patient is unconscious and 
not breathing, administer artificial res- 
piration. 

5. Provide first aid pending the 
physician’s arrival. In this connection, 
relief from coughing and gagging can 
be effectively provided by having the 
patient inhale steam from very hot 
water to which a few drops of tineture 
of benzoin has been added. 


Don’t wait for something to happen. 
Check now and periodically on your 
emergency equipment and the training 
of your personnel. In dealing with 
chlorine two slogans may well be kept 
in mind—‘‘Be Prepared,’’ and ‘‘The 
Life You Save May Be Your Own.’’ 

P.O. 
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CHLORINE CYLINDER RUPTURE AT RIDGEWOOD 
SEWAGE TREATMENT PLANT 


By Joun W. Hoop 


Ni pe rintendent, Sewaae 


About 7:00 p.m. on June 15, 1948, 
the operator on duty at the Ridgewood, 
N. J., sewage treatment plant noticed 
what appeared to be coming 
from one of the frame buildings several 
hundred feet distant from where he 
was at work on the grounds. Think- 
ine that fire had broken out, he im- 
mediately ran toward the building to 
find out what the situation 
nearing the building he ran 


smoke 


was.) On 

into the 
**smoke,’’ only to discover that it was 
in reality escaping chlorine gas. He 
made a hasty retreat and telephoned 
for assistance. 

When the writer arrived a few min- 
utes later, he found that the poisonous 
fumes were already enveloping other 
nearby buildings and units; he 
able to make only one telephone call, 
to the fire department, before being 
driven out of the plant grounds alto- 
gether. 


Was 


Atmospheric conditions were 
heavy and wet, with intermittent rain 
and variable light air movement. The 
police departments of Ridgewood and 
Rock were telephoned 
nearby residence. 


Glen from a 
In the course of the 
hours it was 


evacuate residents of adjacent residen- 


ensuing 5 necessary to 
tial sections as the varying ground cur 
rents of air carried the billowing clouds 
of chlorine gas first this way, and then 
that, but thanks to the timely assistance 
of the two police departments, equipped 
with 2-way radio communication, no 
persons sustained injury and only a 
tew complained of minor irritation. By 
midnight, all evacuated had 
been restored to their homes. Medical 


persons 


attention was required for the operator 
and a passerby, both of whom inhaled 


the ‘‘smoke’’ before 
danger. 


injury. 


realizing their 
Neither sustained permanent 


Treatment Plant, Ridge 


wood, N. J. 


Fire department personnel, equipped 
with facial masks and cylinders of com 
pressed air strapped on their shoulders, 
entered the chlorine room, disconnected 
the ruptured cylinder, and immersed 
it in a nearby flume. Assistant Chief 
Haldane later advised that neither he 
nor any other participating member of 
the department had suffered 
effects and did not 


care—a good 


any ill 
require medical 
recommendation for the 
type of equipment used, in view of the 
high concentration of chlorine gas and 
possible near or total depletion of oxy- 
gen in the room where the evlinder had 
ruptured. 

Figure 1 shows the cylinder whose 
wall ruptured near the foot ring. Two 
evlinders, each containing 150 Ib. of 
chlorine, were mounted on the plat- 
form scale and connected to a chlori- 


The 


nator of the vacuum feed type. 


FIGURE 1.—Rupture resulting from in- 
ternal erosion due to moisture in chlorine 
cylinder. 
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chlorine machine was not in use at 
the time of the accident and both the 
auxiliary valves and the main cylinder 
valves were closed. Brown liquid 
emitted from the ruptured cylinder 
was found on the adjacent wall and 
surrounding floor. It had no apparent 
chlorine odor and was concluded to be 
ferric chloride, resulting from internal 
erosion of the steel tank wall, indicat- 
ing that moisture had been present in 
the tank at or before the failure of the 
tank wall. The defective evlinder was 
retained at the sewage plant as evi- 
dence, pending any possible legal de- 
velopments. It was eventually re- 
leased to the vendor for further joint 
examinations by themselves and the 
Chlorine Institute, the latter being rep- 
resented by H. A. Faber, Research 
Chemist. 

The vendor was summoned to the 
plant to observe conditions attending 
the cylinder rupture. He was_ re- 
quested to make immediate arrange- 
ments for the removal, without preju- 
dice, of the remaining stock on hand, 
consisting of & full evlinders, or a net 
total of 1,200 lb. chlorine, from the 
sewage plant. This was done the fol- 
lowing day. 

During the subsequent discussions on 
the matter the author contended that 
admission of water to cylinders was 
highly improbable where vacuum chlo- 
rinators, such as employed at Ridge- 
wood exclusively, were used to dis- 
charge the contents, but that it had 
been known to occur in bleach plants 
where this type equipment is not gen- 
erally in use. Mr. Faber’s report on 
the itinerary of the ruptured cylinder 
discloses that it had been to a bleach 
plant a short time before coming to 
Ridgewood. 

The concern expressed by Ridgewood 
officials over the problems posed by this 
incident have been countered with sta- 
tistics purporting to show that because 
of the over-all picture and the low inci- 
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dence of accidents of this type, there is 
nothing to be unduly concerned about. 

However, those in responsible charge 
have different ideas on that point and 
are honestly striving to profit indi- 
vidually and collectively by the un- 
fortunate experience. No serious per- 
sonal or property damage resulted, due 
to a number of contributing factors, 
but we might not be so fortunate next 
time. 

In conclusion, the author would like 
to point up a few timely thoughts for 
plant superintendents to ponder: 


1. For oxygen deficient conditions, it 
is unsafe to rely on mask equipment 
unless it features a portable and inde- 
pendent supply of air. 

2. Such equipment necessarily must 
be housed in an independent and com- 
paratively remote building, where it 
will be accessible in an emergency. 


3. In close proximity to dwellings, 
the stock of chlorine on hand should 
be kept at a minimum, and special pro- 


visions (preferably automatic where 
24-hr. attendance is not afforded) 
should be made for neutralization of 
escaping chlorine. It is generally ad- 
mitted by sewage and water men con- 
tacted since this cylinder failure that 
they have no way at all of dealing with 
possible rupture, particularly of ton 
containers, and merely accept the cyl- 
inders on faith. 

4. In the interests of all consumers 
a restriction should be placed on those 
not properly equipped to withdraw the 
contents without exposing the cylinder 
to damage by the introduction of water 
through back-siphonage (bleach manu- 
facturers and the like). 

5. License law is indicated for the 
chlorine consumer for the protection 
not only of the public at large in the 
matter of cylinder care, but also of the 
inadequately informed operator, who, 
through maloperation arising from lack 
of knowledge, may expose himself to 
injury, serious or otherwise. 
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Annual Operation Reports 
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12 years I published an 
but the 
war casualty. It is still 
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that is just sort 
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Chairman 


atment Plant, Washington, D.C. 
of the 


Thev are em- 


consists 


The 


trustees or the officials. 


second group 
ployers who are more interested in the 
financial aspeets of the plant. Some 
of them will read the technical data, 
but they usually are not particularly 
interested in strictly technical informa 
tion. 
That the third the 
members of the sewage treatment pro- 
My were al- 
ways prepared with this group in mind, 


leaves eroup, 


fession annual reports 
keeping the descriptive material at a 
minimum the 
technical 

As to the 
deavor has been made to keep the re- 
port simple, well organized, but with a 
minimum of descriptive material. — It 


and emphasizing just 
data. 
of a 


form report, an en- 


to receive a re- 
led from top to 
bottom with single spaced, typewritten, 
My tendency 
and I suspect that T am not unique 


is rather discouraging 


port whose paves are fi 
ographed material. 


in this regard) is to lay such a report 
and that time 


Inherently we are 


} 


aside for future reading, 
rarely ever comes, 
all a little lazy and will not read poorly 
organized and prepared reports; but 
unless somebody reads the annual re- 
of 
in its preparation has been 


port, much its value is lost and the 
time spent 
partially wasted. 

In order to encourage people to read 
the report. window dressing 


must be used. It is desirable and ad- 
visable to dress up an annual report by 
including a good table of contents and 
index; by providing attractive format 
end layout; and by preparing data 
that are clear, concise, and not 


The 


is of prime importance in many reports. 


tables 
crowded matter of overcrowding 
In an effort to encourage the prepa- 
ration of annual reports, the Federa- 
tion offers three awards known as the 
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Hatfield Awards. The Board of Con- 
trol is doing everything possible to en- 
courage competition for these awards. 
The preparation of annual reports re- 
quires considerable time and effort, but 
they have definite merit and serve a 
vital purpose. This is evidenced by the 
many requests received from designing 
engineers, and other inter- 
ested people, both in this country and 
abroad, for copies of my report. 


libraries, 


Having been on the preparation end 
of reports for many vears, it is rather 
gratifying to get an acknowledgement 
of areport. If someone just sits down 
and writes a eard, it sort of flatters 
the man who sends the report, and in 
a small way it repays him for the time 
and effort put into the report. 

All sewage works men should do a 
little missionary work and try to pro- 
mote and encourage the preparation 
of annual reports. Bottle experiments 
are all right, but data coming from a 
plant in actual operation is infinitely 
more convincing and valuable. An- 
nual reports are an excellent method 
of distributing that practical data to 
all who ean use it. 

Walter A. Sperry, Superintendent, 
Aurora (I1l.) Sanitary District:—I be 
lieve Mr. missed point 
which I have in mind about our own 
preparation of the annual report. 1 
sometimes tell my trustees that if the 
report did not go outside of the Dis- 
triet office, it still would be worth 
while. It is the duty of the superin- 
tendant to actually review carefully 
the vear’s operating data and prepare 


Larson one 


the report as a record of the year’s ae- 
complishment. 

Iam rather proud of the fact that 17 
sets of blue prints now hane on the 
office wall. Each set contains a 
monthly and annual summary of the 
plant’s operation. Another set is kept 
in the safe, because these reports are 
exceedingly valuable. Moreover, they 
are referred to often, as one forgets 
what has happened durine the vears 
and we try to get into the annual re- 
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port every important occurrence dur- 
ing the vear. 

Now, one wore point. When my 
board meets each month there has been 
prepared a 7- or &-page report on the 
bills that also includes 2 to 4 pages of 
notes concerning what happened dur- 
ing the month. All my buying and 
selling is done in these paragraphs. 
When the board meets, about all T do 
is listen to their stories. Nothing has 
The 
trustees come in, pick up the report, 
and little time to review it. 
Preparation of this monthly report is 
Tn addi- 
tion, each month the monthly reports 
are summarized so that at the end of 
the vear the recasting of the monthly 
reports makes it a rather simple job 
to assemble an intelligent, valuable 


to be said, because it is written. 
take a 


one of the best thines done. 


annual report. 

Kerwin L. Mick, Chief Engineer and 
Superintendent. Minneapolis-St. Paul 
District:—The Minneapolis- 
St. Paul Sanitary District is rather 
fortunate to be the winners the last 
two vears of the annual operation re- 
port awards of both the Central States 
Association and the Federation. 


Nanitary 


Some 
people feel that we put out a rather 
elaborate report, printed in a faney 
Actu- 
ally, however, when considered on a 


manner, with many pietures. 


vearly basis, an annual report does not 
require much work or expense. It is 
the hest 
public 


possible obtaining 
our own 
about the 
cheapest form of publie relations that 
ean be emploved 


way of 
rood relations. In 


eitv, and elsewhere, it is 


The report this vear 
cost approximately $1 per copy, whieh 
adds up to a few hundred dollars for 
the copies printed. Not only is an 
considered most valu- 
able from the standpoint of publie re- 


annual report 


lations, but it is also found very valu- 


able to ourselves and others as a 
reference source for everything that 
has taken place in the District. Con- 
tinually reference is made to it to find 


out what was done in past years. 
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Without such a report it is necessary to 
thumb the files. will 
often forget that there is data in the 
files on an important matter requiring 
immediate attention. 

Frank Woodbury Partner, 
Havens and Emerson, Cleveland, Ohio: 

I have been working with reports 
for nearly 40 years and, although I 
hate to admit it, many reports. still 
leave some things to be desired. Some- 


through One 


Jones, 


times a problem comes up and one goes 
to the files for an old report, only to 
discover that the item on which infor- 
mation is wanted is always lacking. 
The first thing neeessary to writing 
a report is data: it follows naturally 
that the data should be authentic. 
of the plants that we supervise was 
provided with a very simple arrange- 
ment for determining the flow, which 
could be caleulated twice a day by 
measuring the rise in the dosing tank 
water level. At times the flow reported 
seemed quite accurate, but it was no- 
ticed that in the monthly reports there 
was a rather striking uniformity of 
flow. So, the plant was visited one 
afternoon at about the time the dosing 


One 


tank measurements should have been 
When the monthly 
came in a 6-in. rise in the dosing tank 
water level for that par- 
ticular day, but I know it was not 
measured. The did 
understand why he was not supported 


made. report 


was shown 


operator never 
when he came up for reappointment. 
Recently I have been reviewing some 
old and found 
randums without dates on 
Whenever you memorandum 
always include the day and year. I 
like Mr. he- 
cause ther data 


reports have memo- 
them. 
write a 
Larson’s annual reports 
earry a summary of 
for several previous years. 

There is another thing I would sug- 
gest in the preparation of reports: 
prove what vou put down. Primarily 
the annual report is prepared for local 
use, but you would be surprised at how 
few operators will try to prove their 
own analytical work. 
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LeRoy Van Kleeck, Principal Sani- 
tary State 
TTealth Larson, | 
believe, that an- 
nual reports are not necessarily pre- 
pared for the public. However, in 
some of the small plants in Connecti- 
cut it has been worth while to show the 
operators how to figure, from the sus- 
pended solids and flow data, the tons 
of solids removed per year by the plant. 


Connecticut 
Mr. 


feeling 


Engineer, 
Department: 
is correct in 


Listing the total tons of solids removed 
together the gallons of 
sewave flow help the public to visual 


with million 
ize the job the sewage works is doing. 
mind the 
the annual 
yearly summaries. 


To my most important 
are the 


When vou can look 


parts of report 
back and see how many tons of chlo 
rine vou used 5 years back, what the 
flow what the cost per 
million gallons for treatment has been, 
the eubie feet of sludge removed from 
the digesters, and the amount of eake 
removed from the you really 
know what the plant has been doing. 

Morris Cohn, Editor, Sewage Works 
Engineering, and Chief of Bureau of 
Sanitation, Schenectady, N. Y¥.:—In 
addition to the annual technical report 
whieh all of us want and which all of 
us should prepare, there should be an 
leaflet data for 
throughout the 
For vears T prepared a 


average Was, 


beds, 


occasional release of 
veneral distribution 
community. 
highly technical report on the opera- 
tion of the Schenectady sewage treat- 
ment plant. and it had its wave of 
popularity in our own profession, but 
seldom did anvone receive it with any 
particular interest in our community 
itself. At the end of 25 vears of opera 
tion of the plant T prepared a popular 


brochure on the quarter-century of 


service of the sewage treatment plant, 
replete with a great many semi-hu 
morous cartoons so that the subject 
matter was interspersed with enough 
eye-catching appeal to cause the reader 


to wade through it. That brochure 
was very quickly depleted, whereas 


other reports of the Bureau of Sewave 
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Disposal have been available for years. 
It was a brochure that told the story 
of sewage treatment in a very human 
way. I think we have to humanize 
our problem, and we must make sew- 
age treatment understandable. 


Digester Corrosion Problems 


Lloyd C. Huffman, Superintendent 
of Sewage Treatment, Dayton, Ohio:— 
Our experience at Dayton with cor- 
rosion has been very limited. In 1944 
we had been experiencing trouble with 
keeping the contents of the No. 1 and 
No. 2 digesters at the proper tempera- 
ture. So, it was decided to clean out 
these two tanks. The grit found on the 
bottom of the digesters was about 3 ft. 
deep at the walls, sloping in towards 
the center of the tanks. 

We found a *4- to 1-in. sludge in- 
erustation on the top of the hot water 
heating coils. Inasmuch as we had de- 
cided to increase the radiating surface, 
the coils were completely dismantled, 
cleaned, and checked. It was decided 
that the pipe was sufficiently good to 
be used again for the hot water coils 
so those pipes were returned to the 
tank. After 6 vears of operation the 
tank has given no trouble as far as 
leakage from the coils is concerned. 

Of course, a complete inspection of 
the digesters was made when they were 
emptied. We found absolutely no cor- 
rosion in the concrete or on any of the 
east iron pipe. The skirt and rim of 
the floating covers were coated with a 
to 1-in. film of grease, but there 
was no pitting and no corrosion that 
extended on up to the guide pipe. We 
have erected most of our own digester 
covers, painting them on the ground 
and painting them again after the 
welding is done. We take all possible 
precautions to prevent corrosion, and 
until the present time we have been 
very successful, or very fortunate, in 
not having any corrosion problems. 

George E. Flower, Superintendent, 
Southerly Sewage Treatment Plant. 
Cleveland, Ohio:—-At the Cleveland 
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Southerly plant we have 12 
digesters. 


separate 
We have had the digesters 
down twice in 10 years of operation, 
and both times have made a very good 


inspection of the covers. We noticed 
very little corrosion anywhere. A ma- 
jority of the covers still have the origi- 
nal paint, which is still in good shape, 
on those portions not submerged in 
sludge. We have noticed a little cor- 
rosion on the upper part of the covers, 
which easily can be reached and 
painted. We have also painted the 
top of the cover, under the roof. 
This was necessary because of leakage 
of water at the top of the roof of the 
covering and beeause of certain 
amount of condensation which resulted 
in a little rusting. 

Where there has been welding the 
areas must be thoroughly cleaned be- 
fore painting or the paint will provide 
little protection against corrosion. 

John W. Johnson, Works Superin- 
tendent, Buffalo (N. Y.) Sewer Au- 
thority:—I am quite interested in 
hearing about the corrosion between 
the roof covering and the steel ceiling 
plate of the floating covers. We have 
entered our digesters many times and 


have not found corrosion within the 
digesters, although we had 
trouble with the wood roof covers. 


After the roofing on one cover became 
so badly rotted it had to be replaced, 
we provided a series of ventilators 
around the outside edge and exhaust 
vents at the center. After painting 
the upper side of the cover plates the 
cover was insulated by blowing rock 
wool in between the cover plate and 
the wood roofing. This insulation has 
been very effective for 3 years in pre- 
venting loss of heat through the di- 
gester cover. 

Charles C. Agar, Senior Sanitary 
Engineer, New York State Health De- 
partment, Albany, N. Y.:—I believe 


that some of the experiences we have 
had in New York state may illustrate 
that it is possible to have corrosion 
sludge 


trouble in 


digestion tanks. 
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Corrosion is not confined to the action 
of particular chemical materials, for 
example hydrogen sulfide, on worn 
metal surfaces. It may also be due to 
the electrolytic galvanic action between 
various metals and various alloys of 
metals. 

The experience we have had with 
some plants in the North Central part 
of the state would indicate that there 
has been considerable corrosion of the 
metal equipment within 
tanks. I cite as an example a plant 
which has been in operation for 10 
During that period the re- 
placement of the digester heating coil 
was necessary on two occasions due to 


digestion 


years. 


corrosion which resulted in breaks and 
holes in the pipe. 

That experience led to the investi 
vation of other tanks that had not been 
inspected. It found that 
sion did not occur in accordance with 
any standard pattern. One of the 


Was 


engineers attempted to make a study 
of this situation, and by testing with 


has obtained 
differences in potential amounting to 
as much as 0.4 volt. It is possible that 
this may be a factor in many plants. 

I dare say that we do not vet know 
the whole story about the number of 
plants that may be undergoing some 


sensitive volt meters he 


form of corrosion. It must be remem 
bered that many of sludge di- 
gestion tanks are comparatively new. 
Many of them have not been inspected. 


these 


I know some have never been emptied 
or checked for 18 years. No one knows 
what the condition is inside until some 
serious difficulty arises. T know that we 
are going to secure the cooperation of 
the equipment manufacturers on fur- 
ther studies and investigations concern- 
ine reasons for corrosion, because it af- 
fects them from the point of view of 
maintenance of their products. I 
think one of the factors to be consid 
ered is the need for more emphasis on 
preventive maintenance. 

Arthur H. Niles, Superintendent of 
Sewage Toledo. 


Disposal Division, 
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Ohio:—The Toledo plant has been in 
operation more than 16 and 
we have emptied several 
times. The first time 
years ago and the last time was in the 
winter of 1947. At that time we 
found no corrosion of the heating coils 
These made of 
iron welded pipe. 


vears 
digesters 


was ) or 6 


eoils are Armco cast 
The hanvers were 
intact and the malleable ironing hang- 
ers and inserts, together with the rods, 
were in perfeet condition, 

The fixed 
type, with the stirring mechanism hav- 
ing eonventional 
which 


digesters are the cover 
two of 
with the 


reaches 


forearms, 
seraper blades 

sloping that 
column out 


have 
long, channel 
the central to each 


of the arms. 


from 
Those s-in. channels were 
in excellent shape, the original eree- 
tion still readable 
after 16 vears. However, some of the 


numbers beine 


smaller members, particularly — the 
channels, on the cross bracing between 
the arms were quite badly pitted. In 
fact. them had a hole right 
throueh the corner of the channel. 


This would mainly occur, not at the 


some ot 


connections, but possibly 8 or 10 ff. 
from the connections. On the vertical 
angles there was practically no ecorro- 
sion. It was present only on the hori- 
and they 
rotation so that they would not be in 
contact with this same material. 

We could only theorize that there 
may have been a difference in the steel 


zontal members, were in 


used in the various parts of the equip 
ment. These mechanisms were fabri- 
cated by the Bridge Com 
pany shop in Toledo, which was later 
moved to Ambrose. Of 


records 


American 


course, the 
that 
leneth of time, so we had no way of 
knowing whether all the steel had been 
open hearth steel, or whether some of 


original were lost after 


it might possibly have been Bessemer 
converter steel. Our theory is that in 
steel 
purities, such as sulfur or phosphorous, 
may not have been removed and that 


the Bessemer some of the im- 
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these may have been responsible for 
the pitting action. 

L.S. Kraus, Chemist, Greater Peoria 
(111.) Sanitary District:—In_ connec- 
tion with Mr. Niles’s statement that 
the horizontal surfaces were corroded 
and the vertical surfaces were not cor- 
roded, we had a similar situation in 
the gas holder. The bottom of the gas 
holder started to leak. We found all 
the vertical surfaces and the roof of 
the floating cover in excellent condi- 
tion, but the bottom was practically 
gone. <All the horizontal surfaces of 
the angles were corroded, although the 
vertical surfaces were excellent 


condition. We have no explanation 
for it, but in connection with the 
statement Mr. Agar made, we found 


there is a definite potential between 
the lift of the holder and the water 
seal tanks. We grounded the water 
seal tanks in the hope that it would 
reduce the electrolytic action. 

Mr. Larson:—We have operated the 
first commercially built digester float- 
ing covers installed in this country. 
The first experimental covers were de- 
veloped at Plainfield, N. J. Our float- 
ing covers were built in 1929 and are 
still performing satisfactorily. 

We have had occasion to enter these 
tanks several times for cleaning and 
other reasons, and have never found 
any evidence of corrosion on the under- 
side of the cover. Knowing that the 
subject of corrosion was to be discussed 
here, I brought along a small dise, or 
as they are called, whieh was 
cut from one of the covers. Eleven 
vears after the covers were installed 
we decided to put a couple of ther- 
mometer wells in the covers. We bored 
3-in. holes for this purpose and T saved 
this plug which came out of the top of 
one cover. The outside surface, which 
was painted and walked on, is some- 
what rough; but the inside surface, 
which was the ceiling of the digester 
and supposedly exposed to digested 
sludge, is very smooth. It is rather 
difficult for me to conceive of much 
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voing on 


oxidation 


inside a digester 
where, supposedly, there is a complete 
absence of oxygen. 

Mr. Van Kleeck:—I do not under- 
stand why we have electrolytic action 
in digesters. I do know that at New 
Haven after 8 years of operation the 
heating coils are leaking. They have 
set up tests that show that electrolytic 
action in causing the corrosion. I un- 
derstand from the superintendent that 
they plan to protect the tanks when 
they are returned to operation and that 
the cost of the protective equipment 
would be about $400 per tank. At an- 
other plant in Connecticut, which has 
now operated 20 years, there has been 
no trouble with leaking coils. 

C.T. Mudgett, Superintendent, Mus- 
kegon (Mich.) Sewage Treatment 
Plant :—-We examined a digester last 
winter and found the metal work in 
very fine shape, a leaking heating coil 
being the result of a construction mis- 
take at the time of installation. 

The digester cover was found to be 
in good condition and there was no 
corrosion on the under side. There was 
some corrosion, however, on the upper 
side of the cover plates between the 
cover and the wood 
where condensation 


roof covering, 
and leakage had 
This corrosion can be con- 
With ref- 
erence to the corrosion and leaking of 
digester heating coils, which has been 
referred to by previous speakers, T am 
wondering whether or not that corro- 
sion took place from the outside of the 
pipe, or from the inside? We have 
not had corrosion of the digester heat- 
ing coils, but in the heating system in 
the service building there has been 
corrosion, which has developed from 
the inside of the equipment out. 

Mr. Van Kleeck:—At New Haven 
the corrosion was from the outside in. 
Also, I might add that at New Haven 
salt water and industrial dye wastes 
occasionally entered the system. This 
may have some bearing on the problem. 


occurred, 
trolled by proper painting. 
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Fuhrman:—Was it the 
coupling or the pipe that failed? 

Mr. Van Kleeck:—The pipe 
joined at the coupling. 

Mr. Agar :—In all cases in New York 
the corrosion of the heating coils was 
from the outside in. There was gen- 
erally no particular spot where it oc- 
curred. In reference to the question 
of electro-galvanie action in the di- 
gesters, there is a difference in poten- 
tial between the hot water pipe enter- 
ing and the cold water pipe leaving the 
digester, which is caused by the tem- 
perature differential. 

In regard to digester covers, I just 
inspected a plant where there is serious 
pitting of the underside of the cover 
along the water line. 
been in service for 7 vears. 


Chairman 


was 


That cover has 
At another 
plant the floating cover was corroded 
seriously at the lift around the skirt 
of the cover. 

Mr. Davenport: 
vesters with floating covers. 


We have two di- 
About 2 
years ago we drained the digesters be- 
There 
are eight coils in each digester sup- 
ported by structural steel pipe hangers 
located approximately 10 feet apart. 
All eight coils were corroded between 
two pipe supports, although there was 
absolutely no corrosion between pipe 
supports on either side of this section 
or for approximately the same distance 
around the tank. There were other 
sections, however, where all the coils 
were corroded between a pair of pipe 
supports without corrosion being evi- 
dent between adjoining supports. The 
covers had some pitting, undoubtedly 
due to a defective protective coating. 


cause of leaking heating coils. 


The corrosion on the coils appeared 
to be in the form of barnacles, beneath 
which there were deep pits that ap- 


peared to contain clear water. I 
thought that perhaps this corrision was 
due to the anchor shields attached to 
the pipe support in the wall coming in 
contact with the reinforcing steel and 
thereby setting up an electrolytic cir- 
cuit. The pipe coil can be insulated 
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from the pipe hanger by using a rub- 
ber band around the pipe. 


Maintenance of Electrical and 
Mechanical Equipment 


Mr. Flower:—The maintenance of 
mechanical and electrical equipment is 
a very considerable problem. Today 
the modern sewage treatment plant is 
almost completely mechanized. Our 
Cleveland Southerly plant utilizes over 
300 electric motors, ranging in size 
from a fractional horsepower up to 150 
horsepower. We operate more than 
100 pieces of mechanical equipment. 
Of course, constant maintenance is 
necessary for continuous operation. 

The first requirement for satisfae- 
tory maintenance is to have a_ well 
equipped machine shop—even to the 
inclusion of welding equipment, lathes, 
drills, and the like. Personnel compe- 
tent to operate the machine shop equip- 
ment are also necessary. At Cleveland 
we are fortunate enough to have per- 
sonnel of all classifications. 

The next requirement for satisfae- 
tory maintenance is the provision of 
stand-by units for the 
mechanical equipment. Of course, this 
is impossible for the larger units. but 
it can be done for the smaller ones. 
An adequate supply of 
should be maintained. When a new 
unit is installed, write to the manu- 
facturer and get a list of the spare 
parts. Also ask him what parts he 
recommends keeping in stock, as he is 
more familiar with the equipment and 
knows what wears out much _ better 
than you do. After the equipment has 
been in operation for some time, you 
will find out which parts are wearing 
out and which you should stock. 

Lubricant is another item that is 
very important. The best obtainable 
is the cheapest. Some municipal pur- 
chasing departments buy on a_ cost 
basis and you do not get a good lubri- 
cant that way. We have had many 
arguments with our purchasing depart- 
ment. We write up an order specifying 


secondary or 


spare parts 
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a certain lubricant that we know will 
do the job, even listing the company’s 
name. Then the purchasing depart- 
ment sends the requisition back and 
tells us that we can’t do that. As a 
result, an inferior lubricant is obtained 
and the equipment bearings suffer the 
consequences. 

We have conducted a series of tests 
on gas engine lubricating oil. The re- 
sults indicate that in gas engines, oils 
containing a detergent give the most 
satisfactory results. <A regular greas- 
ing schedule should be established and 
maintained. We have assigned to that 
work one man whose only duty is to 
keep the lubrication schedule up to date. 
When electric motors are lubricated, 
the drain plug is removed before fore- 
ing in the grease, because the bearings 
should not be put under pressure. A 
motor should run for a short time 


after greasing to allow the lubricant 
to heat up and expand before the plug 
is replaced, 

We also have what may be called a 


‘‘new order’’ record sheet, generally 
made out in duplicate. This record 
sheet is distributed to the principal 
parts of the plant, and indicates when 
the report is made out, the name of 
the unit, the cause of the stoppage or 
breakage, the date and the time, and 
the name of the operator. Each morn- 
ing this sheet is picked up and taken 
to the superintendent, who examines 
and studies it and then assigns a work- 
man to make the repair. This work- 
man generally makes the repairs im- 
mediately, or as soon as other or emer- 
geney work will permit. The record 
sheet is then returned to the super- 
intendent and placed in the file. IHow- 
ever, if the trouble continues or occurs 
too frequently a more complete inspeec- 
tion is made to determine what is really 
causing the trouble. 

Considerable trouble developed with 
our 400-ton incinerators. The rabble 
arms were bending down from the heat. 
It was thought that perhaps the wrong 
type of alloy had been used for the 
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arms, as they were supposed to be of 
a high-temperature alloy steel. I dis- 
cussed this with the manufacturer, who 
discounted this possibility. The com- 
pany that made the steel for the arms 
was located, and rabble arms were 
ordered of an alloy steel containing 
35 per cent chrome and 12 per cent 
nickel. These arms have proved very 
satisfactory. Tests of the old arms 
showed that the chrome content was 
only about 25 per cent and that there 
was very little nickel content. 

The mufflers on the exhausts of our 
Copper-Bessemer gas engines became 
corroded or burned out from the ex- 
haust gases. This happened during the 
war period, when it was extremely diffi- 
cult and costly to obtain this type of 
equipment. The old mufflers were re- 
moved and replaced with a_ straight 
piece of pipe, flanged at both ends, of 
the same diameter as the exhaust pipe. 
The last section of the replacement 
pipe was then cut on a diagonal for a 
distance of 12 times the diameter of the 
pipe, or in this case 120 inches. This 
arrangement has worked so well, so 
quietly, and with so little back pres- 
sure on the exhaust gases, that I do 
not intend to install the old type of 
muffler. 

Mr. Huffman:—It seems to me that 
a completely equipped machine shop is 
a questionable investment for a major- 
ity of sewage treatment plants. Local 
machine shops in Dayton are equipped 
to make anything. Therefore, we have 
arranged with a local shop to do our 
necessary repair work on emer- 
gency basis and have had very good 
cooperation. We spend less than 
$2,000 per year on such repair work, 
and I am quite sure we could not 
equip and operate a machine shop at 
the plant for that amount of money. 

H. V. Crawford, General Electric 
Company :—In talking about mechani- 
cal equipment, the electrical equipment 
usually is an afterthought. The main- 
tenance of electrical equipment is, of 
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course, highly important. It is the 
real heart of the plant. 

The way most electrical equipment 
is maintained is rather similar to the 
way our wives operate our automobiles 
They think that all that needs to be 
done to an automobile to keep it run 
add Electrical 
equipment generally does not give any 


ning is to gasoline. 
advance notice of impending break 
As long as a motor runs with- 
out unusual noise it is 
doesn’t need attention. 

The most important thing about the 
electrical equipment is the selection ol 
Many 
‘concerns build good equipment. 
type of 
wiring 


dow h. 
assumed is 


electrical 
The 


motor, en- 


proper equipment. 


choice as to the 
and 


Most sewage works men are 


‘losure, needs careful at- 
tention. 
civil, mechanical, or sanitary engineers 
therefore, the electrical 
ment is more or less an afterthought. 
During the there were 
cities that did not have electrical main- 
they did not have to 
because of a lack of spare 


and, equip- 


war several 
tenance troubles; 
shut 
motors or parts. Many of those people 


down 


when they purchased electrical equip- 
ment followed the custom of asking ad 
vice as to What parts would require the 
When one 


of our municipal customers purchases 


most frequent replacement. 


extra set of 
«oils is ordered for every three motors 


electrical equipment, an 


if similar size, design. and character- 
stics. 

Proper installation of the equipment 
Plenty of 


should be provided around the equip- 


s also important. space 


ment and the controls should be lo 
cated in a separate room, if possible. 
installed 


away from the wall and should not be 


Cabinet controls should be 
placed in rooms exposed to gases and 
hich humidity. We have recommended 
that electrical controls be assembled in 
A small heater should be in- 
stalled in the bottom to maintain the 
temperature inside just a fraction of 
a degree above the room temperature. 
This keeps the inside of the cabinet 


cabinets. 
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warm enough so that corrosion does 
not take When the control 
cabinets are located against walls it is 


place. 
not necessary to have water running 
down the wall or to have steam drip- 
ping down the back of the cabinet in 
order to have serious corrosion trouble. 
Dampness inside the cabinet is all that 
is required to accelerate corrosion. 
Proper selection, installation, and in- 
spection of electrical equipment will 
eliminate maintenance and repair 
troubles. 

Proper lubrication of bearings is im- 
portant. At one installation a motor 
ran for 3 years without any lubrica- 
the motor failed. Ex- 
that the grease 
drain plug had been removed, but that 
the maintenance man had blocked the 


opening. 


Finally 


revealed 


tion. 
amination 


The operator had been try- 
ing unsuccessfully to shoot grease into 
the motor for a long time. 

Mr. Cohn:—Myr. Flewer, I believe, 
is absolutely right in urging that some 
plants have machine shops. On the 


other hand, it may be a waste of money 


and be a very impractical procedure 
to have a small plant completely fitted 
The thing 
a dependable privately 


out with a machine shop. 
find 
owned machine shop somewhere in town 
Ilave 


them learn what your problems are and 


to do is 
and learn what it can do for you. 


then give the work to them as the 
occasion arises, 

reminded of a story about 
Ford and the D. T. & T. Rail- 
When Henry Ford bought the 
line, in his methodical 
he made a thorough personal inspec 
tion of the shops. Ile 


spot in the shop where he found a man 


I am 
Henry 
road. 
usual manner 


came to one 
welding the coils in a steam locomotive. 
The fellow was virtually standing on 
his head. Henry Ford said to the sup- 
ervisor of the section, ‘‘ Would it not 
for this fellow if 
he could stand upright in a more com- 


be more convenient 


fortable position and do his work?” 


The supervisor, being a ‘‘yes’’ man, 


_ 
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said, ‘‘Sure, | think it would be a very 
convenient and desirable thing.’ 

Henry Ford returned to his office 
and turned over to his engineering de- 
partment the job of designing a very 
ingenious cradle which could pick up 
a locomotive and turn it over on its 
side in any direction so that a welder 
working on the job could stand upright. 
They built the device at a cost of 
$40,000. When it was ready for oper- 
ation Henry Ford asked the same shop 
supervisor ‘* Will you tell me how much 
work you have of this nature?’’, to 
Which the supervisor replied, ‘* Well, 
last year it amounted to about $400 
worth.’’ | believe vou have to be very 
careful that vou do not buv yourself 
a ‘‘locomotive tilting device.’ 

Wade D. Brown, Chemist, Durham 
(N.C. ) Water and Sewer Department: 

It is true enough that the best lubri- 
cant you can buy is the cheapest, but 
it struck me also that it cost my plant 
and municipality money to go into the 
problem of finding out which is the 
proper lubricant. We found that the 
lubrication manufacturers are very 
willing to send a lubrication engineer to 
make a survey of a plant and recom- 
mend the proper Jubrieant for any 
piece of equipment. They will also 
send a representative to instruct plant 
personne! in the proper procedure for 
lubricating motors. Too much Jubri- 
cation can be just as harmful as not 
enough, 

The maintenance of electric motors 
presents a great problem in a_ plant 
that uses several hundred of them. We 
know that a majority of municipalities 
buy new equipment strictly on a cost 


basis, but it should be of primary im- 
portance to every plant superintendent 
to insist that there be a standardization 


of motors and electrical equipment 
within the plant. I know that there 
are several plants that have motors of 
the same horsepower and speed, but 
made by a half-dozen different manu- 
facturers. It is impossible to keep a 


supply of bearings or coils for the 
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maintenance of all makes of motors 
All plant personnel should be given a 
course of instruction in routine Inbri 
cation and inspection practices. 

Mr. Flower :—When we started the 
Cleveland Southerly plant we ealled in 
the different oil company representa- 
tives and asked for their recommenda- 
tions. We followed their recommenda- 
tions very closely—but we found that 
they also make mistakes. 

Chairman Fuhrman:—Mr. Flower 
previously mentioned the problem of 
eetting the desired lubricants when 
purchases are made on the basis of 
competitive bids. Purchasing officers 
have their rules to follow and our prob- 
lem the idea that we 
need particular grades of lubricants. 
We should not have to sell a purchas- 
ing officer on the fact that we need a 
certain company’s product. Rather we 
ought convey the idea that we need a 
lubricant thet meets the specific speci- 
fications and service qualities whieh 
the desired ‘‘name’’ lubricant  pos- 
sesses. Federal specifications are used 
in this way. 


is sell them on 


Public Relations 

Mr. Johnson:—We are all acquainted 
with the fact that the subject of public 
relations is a most important one from 
the operator’s point of view. When 
the public pays its tax bill without 
grumbling, that makes our job of build- 
ing, operating, and improving treat- 
ment plants a great deal easier. 

We have been very fortunate in the 
fact that during the last several vears 
the non-technical press of the country 
has taken up the cause of pollution 
abatement, which so long has been ad- 
vocated by this Federation, our tech- 
nical writers, our editors, the U. 8. 
Public Health Service, and the various 
state departments of health. Daily ae 
counts of the need for more adequate 
pollution control appear in the public 
press. During the war years the large 
population migrations and _ resulting 
overcrowding of many areas empha- 
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sized the almost universal need for 
more adequate sewage and industrial 
waste collection and treatment. 
During the last session of Congress, 
a federal water pollution control bill 
was passed, and it is apparent that ad- 
ditional legislation will be effected by 
Congress in the future. By such action 
stream pollution control will be held 
up to public scrutiny for some time to 
Many state and local govern- 
ments in the last 2 years have enacted 


come. 


measures for stream pollution control] 
or will do so in the immediate future. 
All of this activity creates a great 
amount of publicity for our profes- 
Much of this widespread interest 
began in the local communities through 
the efforts of farsighted sewage works 


sion. 


operators. They have seen fit to render 
efficient service to the taxpayers and 
to publicize that service by inviting the 
public to view their plants. They have 
drawn attention to the before and after 
conditions of and 
have informed the public of the bene- 
fits to be derived from this work. 
before the door is open 
for securing the public’s good will, but 
this good will must be earned and must 
be cultivated and maintained because 
the public is often unreasonable when 
it is uninformed, and it is quick to for- 


vet, 


recelvinge streams 


As never 


It behooves sewage works men to 
keep and expand the existing favorable 
public endorsement of stream pollu- 
tion control activities. 

Robert A. Greene, Superintendent, 
Jackson Mich. Treatment 
Plant:—-We have at our plant a well 
satisfied operating crew, which is one 


Newage 


of the biggest assets in selling a sewage 
treatment plant to the community. 
Our plant site consists of a 55-acre plot 


of ground, about 30 acres of which are 


in park area equipped with 35. pienic 
tables, a baseball diamond, and a camp 
ground. From 75 to 100 people a day 
visit the park during the pienie season. 
That is why the attitude of our plant 
operators is important as the plant op- 
erator is the person the visitor sees. 
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In our park there are two lagoons, 
which we with ducks, 
Chinese swans, and other types of ani- 
mal life. These have proved to be quite 
an attraction to children and parents 
and are another way of selling our 
sewage plant to the public. We also 
distribute to plant visitors a_ little 
pamphlet describing our plant and the 
purpose of each different part of the 
plant in the layman’s 
terms. It is much appreciated by them 
and we believe it has been worth while. 

Leshe E. West, Chief 
Joint Meeting Sewage Treatment 
Works, South Orange, N. J.:—-The 
point I would like to bring out is that 
of broadening the attitudes of the engi 
and plants operators towards 
their communities. Taking active in- 
terest in community affairs will help to 
do this. By affiliating with service 
clubs and other local organizations 
plant operators can increase the com- 
munity 


have stocked 


simplest of 


Engineer, 


neers 


understanding and apprecia- 
tion of their work. 

Of course, there are other ways in 
which this can be If a plant 
operator is interested in his plant he 
can develop an informative talk on the 
history and operation of his plant for 
presentation before various community 
groups. Ile keep himself 
available to assist people with all types 
of waste disposal and sanitation prob- 
lems. Cooperation with the local press 
in providing 


done. 


can also 


information 
about the sewage plant will pay rich 
dividends. 

Mr Jones :—How different things are 
from what they used to be. IT ean re- 
member going into many towns where 


interesting 


no one seemed to know, or care, where 
treatment was lo 
In my early days in the sewer- 
age game, we would watch for a state 


the sewage works 


cated. 


inspector to come for an inspection. and 
instead of trying to acquaint him with 
our problems and difficulties, we would 
do our best to keep him from finding 
out about them. 

An entirely different attitude exists 
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now. As far as | know, almost all plant 
operators welcome visit the 
state health department engineer. That 
is just as it should be. It is my ob- 
servation that the men employed by 
the various state departments know 
their job. They visit plants with the 
idea of being helpful. They under- 
stand an operator’s problems and diffi- 
culties and try to help him solve them. 
There is growing understanding and 
cooperation between municipalities, 
plant operators, and the state officials. 
| think it is something that should 
be most highly commended. 

Mr. Cohn:—1 am obliged to say 
something apropos of what Mr. Jones 
just stated because I think there has 
been a very definite change in the tenor 
of our own people and in the tenor of 
public opinion. I speak from some 2714 
years of experience that goes back to 
the early days when there was little 
interest on the part of the public in 
sewage tredtment. This may have been 
caused in large part by our own atti- 
tudes. We get no more respect from 
others than we have for ourselves. 

First of all, we must build a greater 
respect for our own profession—not 
only for our inherent knowledge of 
plant operation but also for the fact 
that the and treatment of 
the liquid waste of community life is 
an important link in the public health 
chain. When you view it that way and 
present the subject locally in that light, 
you gain a better recognition from the 
publie than you could possibly get by 
talking only about the sheer mechanics 
of treating sewage. 

There is one thing which has hap- 
pened to me recently that most of us 
may have felt. If the repercussion of 
it has not hit your community, it is 
bound to do so. It is this: the sudden 
interest on the part of youth in the 
problems of city government. Be as- 
sured that this interest is not super- 
ficial. The young people are anxious 
to know many of the details which are 
of little interest to the average adult. 


collection 
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Nevertheless, this interest does not 
spring spontaneously from the minds 
of youth. It is being cultivated 
through public educational systems by 
courses which bear the rather eupho- 
nious title of ‘‘social studies’’ or ‘‘so- 
cial science.’’ | am sure a great many 
of you either have been asked to talk 
to classes in social studies or have had 
such classes request permission to visit 
the treatment plant. This is a wonder- 
ful opportunity for bringing home a 
message, not only to the youth of 
America, who are the future taxpay- 
ers, but also to the home because chil- 
dren bring home to the dinner table 
at night the things they see and do 
during the day. It is surprising how 
much influence youth has in the home. 
It is pretty much the practical appli- 
cation of the philosophy that ‘‘a little 
child shall lead them.’’ If you are 
sincere and generous in your contacts 
with the young people of your com- 
munity, you can arouse their interest 
in the problems of sewage and waste 
disposal. 

Sol Seid, Supervisor of Public 
Works, New Brunswick, N. J.:—At 
New Brunswick we have a youth week, 
previous to which there is a two-week 
period when representatives of every 
department of the municipal govern- 
ment speak to the high school seniors. 
Following this two-week period these 
seniors elect about 15 candidates for 
municipal offices. They take office for 
one day, and you would be surprised 
at the interest these young people have. 
We take all of them through the 
branches of the municipal government 
and when they go back home they sell 
their parents. 

It is up to us to go out and speak 
before civic groups and chambers of 
commerce. Where you have a local 
radio station, take it upon vourself to 
go to the manager of the station and 
arrange for time once a year to report 
on your municipality’s waste disposal 
system. 

Paul 


Molitor, 


Jr., Superintendent, 
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Joint Meeting Plant, Rutherford, N. J.: 
—We feel it is important at our plant 
to stress cleanliness. When we have 
visitors, naturally the first thing that 
meets their eves is the appearance of 
the plant. We do not dress up the 
plant for visitors, but we try to keep 
it clean 24 hours a day. Our opera- 
tors are instructed as to how we want 
it kept and we insist that they comply. 
In addition, we do not forget the fact 
that we are publie servants. We in- 
sist on the utmost courtesy at all times 
towards all visitors. 

Mr. Larson:—I do not believe there 
is a better opportunity to exercise 
good public relation practices than 
in answering complaints. Those of 
you who have had charge of plants 
or have acted in an administrative 
capacity know that there is nothing 
quite so formidable as an irate house- 
wife on the telephone. If you do 
have an answer for complaints, fine; 
but vou often get vourself backed into 
a corner. I found it well to 
sympathize with them and listen to 
their though vou do not 
After all, what they 
really want is a little sympathy, and 
instead of adopting a defensive atti- 
tude or a chip-on-the-shoulder  atti- 
tude, just admit that you do not know 
the answer to the problems, but that 
vou will do all you ean. Such an atti- 
tude will go a long way toward pacify- 
ing complainants. 


have 


story even 


know the answer. 


Protective Paints and Coatings 
William D. Hatfield, Superintendent, 


Decatur (Ill.) Sanitary District :—In 
painting, the important thing is get 
ting the prime coat to stick. Having 
a good prime coating on new equip- 
ment, followed with a good secondary 
coat of paint, is one thing, but it is 
different when you have a piece of 
apparatus that is pitted and corroded 
and vou try to get a prime coat on it 
that will stick on the old, rusted iron. 

For a number of vears we have used 
a preparation which helps to dissolve 


or loosen the rust so that a week or 
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more after the application the rust can 
be brushed off much more easily than 
before. This material, called ‘‘ Consol 
M’’ and made by the Intercoastal Paint 
Company of East St. Louis, has been 
very helpful in cleaning up old, rusted 
steel mechanisms. The chief difficulty 
is that it does have to be put on and 
left to soak in, preferably for a month. 
This compound is used to spray steel 
decks on ships, and similar surfaces 
which are difficult to paint. It has 
rust preventative properties. 

Over the past 20 vears whenever we 
have painted a Dorr mechanism or any 
other under-water mechanism in our 
secondary treatment units, each arm 
has been painted with a different kind 
of paint. We have concluded that 
old rusty steel structures should be 
treated with the ‘‘Consol M,’’ allowed 
to stand at least a week, and then 
brushed thoroughly. The arm may 
then be painted with coal tar paints 
of the Inertol or bitumastis types. 
These will hold up for 2 or 3 years. 
Much better results are obtained with 
synthetic resin type paints such as 
Bakelite, chlorinated rubber, and 
Vinylite. These coatings should last 
4 to 5 years, but a 2-year inspection 
followed by spot painting is most sat- 
isfactory. 

Last year we tried treating the wire 
brushed steel with Inertol’s phosphoric 
acid inhibitor No. 33 and following it 
with the above paints. After 1 year 
of service the indications are that the 
phosphoric acid treatment may have 
some advantages. The results all 
looked better than usual for the 1-vear 
period. 

C.E. Drummond, Jr., Wiedeman and 
Singleton, Atlanta, Ga.:—I would like 
to suggest that perhaps some of the 
consulting engineers in the profession 
might be glad to contribute what they 
know about the matter of the paints. 
The engineering profession is almost 
a matter of the use of protective ecoat- 
ings. <A engineer has to 
answer to the plant operator when the 
protective coatings seem to break down. 


consulting 
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There is quite a bit of misconception 
concerning how different types of 
paint coatings will withstand atmo- 
spheric conditions. One thing which 
is not often pointed out is the fact 
that all ordinary coatings are of abso- 
lutely no value in preventing the en- 
trance of moisture to the steel surface. 
If there is moisture present or the 
equipment to be painted is submerged, 
a bituminous coating must be used. 

It is suggested that the prevention 
of rust is extremely important. Not 
long ago I consulted a structural engi- 
neer in Atlanta who has designed a 
large percentage of the steel frame 
office buildings there. He advised that 
over a long period of time not even 4 
in. of brick work was effective in pre- 
venting the rusting of steel frame work 
of buildings. Rusting had become so 
serious in a number of large buildings 
that he is now requiring & in. of 


masonry for steel frame buildings. 
Harry E. Schlenz, Vice-President, 
Pacific Flush Tank Company, Chicago, 


Tll.:—I am not talking from the stand- 
point of the plant operator but from 
the standpoint of one supplying equip- 
ment and wanting to see that it is 
properly protected. Years ago we 
were able to get plenty of steel from 
the mills. Steel lay out in the fabri- 
cating plant vard long enough to have 
it rust. After fabricating it would be 
wire brushed, then painted with a 
prime coat. Now when the steel comes 
from the mill it rusts, is fabricated, 
and is painted before the mill seale 
loosens up. If we put a_ protective 
coating over the mill seale, the scale 
later breaks and takes with it not only 
the field coat, but also the shop coat. 
We have tried to have engineers 
specify that large steel structures be 
shipped to the jobs unpainted. <Al- 
though the steel looks quite badly 
rusted by the time it is used, it is only 
the mill scale that is rusted. A proper 
wire brushing will take off that mill 
seale and give a good clean surface to 
which the paint will stick. However, 
specifications have been based on the 
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old way of doing things and it looks 
so good to send steel out with a nice 
red oxide coating, which really does 
not give protection on the job. On 
the larger projects the steel should be 
sent out unpainted, with the surface 
thoroughly cleaned and the protective 
coatings applied at the job site. 

Van P. Enloe, Superintendent, Clay- 
ton Sewage Treatment Plant, Atlanta, 
Ga.:—I was interested in what Dr. 
Hatfield had to say concerning the 
phosphoric acid treatment because a 
good many of the steel fabricators are 
using that method before the steel is 
shipped, and nothing more is done to 
the steel until it is on the erection site. 

We all know that iron oxide is na- 
ture’s scab for iron and steel products. 
In the water works industry there has 
been considerable success at various 
places with the application of a grease 
type of protective coatings, applied 
with a spray gun in order to reach all 
the cracks and crevices. The oxide 
does not seem to prove troublesome 
because with the ,rease covering it acts 
somewhat as a protective coating itself, 
I am wondering if anyone has had ex- 
perience with these types of coatings 
at sewage works. 

Dr. Hatfield:—You probably are re- 
ferring to the Texaco wax-grease 
paints. I guess the best one is the 
oxide type, but there are others that 
have essentially the same specifications. 

Fred H. Burley, Engineer of Sewage 
Treatment, Detroit, Mich.:—We have 
used two types of these wax-grease 
paints. One is the paint furnished by 
the Texaco company for use in wet lo- 
cations. I observed the 
type of coating on motor vehicles 
shipped overseas during the war. 
The grease coatings held up for months 
after the overseas transfer, provided 
too much abrasion not 
tered. 

We are trying that kind of wax- 
grease paint at locations in the plant 
where we have pipes exposed to mois- 
ture. Another type of preparation is 
for interior surfaces of hot water tanks. 
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Various evrease recom- 
for service within reasonable 
We were a little 
skeptical about the use of grease-paint, 
but we lined some of our hot water 
tanks with that material and, although 
we had previously experienced various 
degrees of corrosion, this wax-grease 
paint had the faculty of working 
through the rust down to the metal, 
preventing further We 
have always had a very severe cor- 
rosion problem on these heavy tanks, 
which are submerged in a bath of 
The hot water system is an 
open system and there is considerable 
absorption of oxygen at the surface. 
Metalizing is another means of pre- 
venting corrosion. We have used sev- 


paints are 
mended 
temperature ranges. 


corrosion, 


water. 


eral kinds of metalizing sprays to see 
Unfortunately, 
we have not had these in service long 
enough to report on them at present. 

Chairman Fuhrman:—The Texaco 
Mr. Burley referred to is 
Compound At the 
District of Columbia plant we found 
this coating extremely useful in pro 
tecting difficult places. 

Dr. Hatfield:—The outside type of 
Wax-grease paints have not held up at 
Decatur, probably because of the high 
temperature—85°to 90° KF.—of the 
raw 
the equipment 


Which stands up best. 


} 
product 


Rustproof 


sewage. Grease does not stay on 


Ordinances for the Control of 
Sewer Usage 


Van P. Enloe, Superintendent, Clay- 
Treatment Plant, Atlanta, 
Somewhere between those who 
streams with pristine 
purity and those who would bring in- 
dustry into an area without regard to 
its effect on natural resources, there is 
a happy medium that is fair to both 
Likewise, in the use of publie 
is a limit to the damage 
be allowed to do to the 
sewers, as well as a responsibility to 

Any 
should 


ton Ne wage 
Ga.: 


Want their 


sides, 
sewers the re 


a waste can 


dispose of all waste in some way. 


sewer ordinance, therefore, 


strike the happy medium that will pro- 
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tect the municipal sewer system and 
at the same time provide for reason- 
able sewage service. 

A subcommittee of the Federation’s 
Sewage Works Practice Committee, in 
preparing a Manual of Practice on 
ordinances, has written a preliminary 
draft of a model sewer use ordinance, 
on which I do not think I can improve. 
Important among the provisions of 
this ordinance are concerning 
the quantity and characteristics of in- 
dustrial wastes that will be allowed in 
the municipal sewer system, as well as 


those 


those governing construction, mainte- 
nance, and inspection of connections 
and sampling manholes, and those allo- 
cating the authority for control. 
These major divisions of the model 
ordinance may provide a guide for 
discussion of this important subject. 

Mr. Cohn:—Some 15 ago | 
went before the Federation and various 
state associations pleading for the in- 
clusion of properly ground food wastes 
Now the 


years 


in the sanitary sewer system. 
idea of grinding food wastes in the 
and discharging them into the 
public sewer is beyond the realm of 
conjecture. In my opinion there may 
be now in use, and connected to public 
sewer systems, some 300-odd thousand 


home 


such household devices, manufactured 
by 18 different companies. 

I would judge that during 1948 
there may have been sold and placed 
in service better than 200,000 units of 
this type. I know of one manufacturer 
alone who probably will produce and 
market 100,000 such units during the 
course of 1948. Household food waste 
grinders must be recognized as a factor 
in modern sewage treatment. 

I would like to you my own 
thought on what should be done to 
control the nature of the material dis 
charged through home grinders into 
the public sewer system. There is a 
happy middle ground in controlling 
the nature of this material. It should 
We 
certainly do not want to make colloids 
of food 


give 


be neither too coarse nor too fine. 


wastes, because colloidal ma- 
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terials pose sewage treatment prob- 
lems more difficult to solve than those 
arising from suspended solids. Here 
are some simple specifications for 
ground garbage from home waste 
vrinders: 100 per cent should pass a 
14-in. mesh screen, meaning that noth- 
ing greater than 14-in. size is dis- 
charged from grinder; 90° per cent 
should pass the 14-in. mesh so that 
there is uniform grinding; and not 
more than 5 per cent should pass a 
{0-mesh sieve. Sereens should be U.S. 
Standard and weight should be on a 
dry basis. These specifications may be 
subject to modifications. They are 
presented because of the need for con- 
trolling the nature of material dis- 
charged by home food grinders. 

Mr. Seid:—In 1944 New Brunswick 
established a sewer-use charge for do- 
mestie and industrial users. Sewer 
charges were billed separately from the 
water bills, which was a mistake. It 
is a peculiar thing that when a tax- 
payer gets his water bill he takes it as 
a matter of course, but when he gets 
a sewer bill, that is different. The 
idea of sending out separate bills was 
not good. I would suggest that in 
writing sewer revenue ordinances it 
would be wise to provide for the collee- 
tion of the sewer charge by combining 
it with the water charge, and sending 
one bill. This will cause less dissatis- 
faction among the taxpayers and make 
collections easier. 

Mr. Jones:—The subject of control 
of sewer usage is going to be very im- 
portant in the next few years. There 
is a division of opinion as to whether 
anything should go into the sewers 
except domestic sewage. Some = con- 
tend that the sewers are public prop- 
erty built for the use of the people 
and, therefore, everything should go 
in. It has been my unfortunate ex- 
perience to see, where that philosophy 
has prevailed, a sewage treatment plant 
ruined almost overnight by an over- 
whelming industrial waste load. 

A large proportion of the sewage 
treatment plants constructed the 
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next 10 years are going to be financed 
on a revenue basis. That means that 
everyone is going to have to pay his 
proportionate share. Industry must 
not be penalized, but neither must the 
ordinary taxpayer be made to pay the 
burden industry should carry. There 
is going to be a proper middle ground 
as to the collection of sewer rentals. 

Alvin B. Backherms, Principal Engi- 
neer, Cincinnati, Ohio:—A_ compre- 
hensive survey of the Cincinnati sewer 
system revealed 60 to 70 sewer outlets 
discharging directly to the Ohio River. 
It also disclosed that the sewage solids 
concentration was the highest of any 
large city in the country. Knowing 
the industries in Cincinnati, we con- 
cluded that many were not complying 
with the existing sewer ordinances. 

The City Council’s takes the attitude 
that industry should not be unduly 
penalized, but that existing ordinances 
should be enforced. Industry is_ re- 
quested to provide pretreatment when 
the character of its wastes requires it. 
Otherwise the wastes are admitted to 
the sewers and a surcharge based on 
the character and quantity of the dis- 
charged waste is applied to the regular 
sewer charge. 

A sewer rental ordinance was passed 
in May 1948 and to date collection ex- 
perience has been good. At first, delin- 
quent accounts ran as high as 10 to 12 
per cent, but they soon dropped to 1 
to 2 per cont. 

There have been few complaints or 
protests about the sewer rental charge. 
With over 120,000 accounts we have re- 
ceived only about 25 actual protests 
and about 600 complaint letters. The 
ordinance gives the taxpayer every op- 
portunity to present his case. Com- 
plainants are advised to pay their bill 
and to attach a written complaint to 
it. They are listened to courteously 
and every effort is made to give them 
personal attention, all complaints be- 
ing promptly processed and_ investi- 
gated. Perhaps you are too optimistic, 
but so far the sewer rental ordinance 
has been more than satisfactory in 
Cincinnati. 
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OPERATING PROBLEMS FROM TANNERY WASTES 
AT BALLSTON SPA * 


By WILLIAM 


PORTER 


Superintendent of Sewerage and Sewage Treatment, Ballston Spa, N.Y. 


Litigation arising from stream pol 
lution due to drainage of trade wastes 
from a local tannery and to the dis- 
charge of untreated sewage from the 
village resulted in construction, in 
1905, of a sewage treatment plant by 
the Village of Ballston Spa, N. Y. 
As the 1-m.g.d. treatment plant was 
designed to handle only domestic sew- 
ave, the tannery wastes were excluded. 
In 1906, permission was 
evranted for the tannery to drain its 
wastes directly into the village sewer. 

The original treatment plant con 
sisted of a lift station having a 2 
compartment, 250,000-gal. receiving 
bar screens, from which the 


he wever, 


tank and 
sewage was pumped theough a 2,700-ft. 
force main to a 3-compartment septic 
tank whose effluent 
contact period in a primary stone con- 
tact bed, a like period in a secondary 


Was given a 2-lir. 


stone contact bed, and then discharged 
directly to the nearby stream. This 
plant treated both the domestic and 
Wastes to a less. effi 
after 
Which the main plant was closed down 


Tannery more or 


cient degree for 2 or 3 years, 
and all flow was by-passed directly 


from the pumping station to the stream 
Reconstruction of Plant 


In 1936, efforts of the State De 
partment of Health and receipt of a 
PoW.A brought about the first 
major repairs and improvements to 
the treatment plant. At that time 
straight-line were installed 
in the receiving tank at the pumping 
station, making possible the daily re 
moval of settleable solids and the pump- 
ing of fresh sewage directly to the set- 


erat 


collectors 


ed the 1948 Spring Meeting of 
Works Associa 
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tling tanks at the treatment plant. At 
the same time, the cover of the septic 
tank making available 
three rectangular tanks, 105 ft. long, 
30 ft. wide, and 15 ft. deep. The first 
two were converted into primary set- 
tling tanks. The third was designed 
as a secondary settling tank, to which 
was passed the effluent from the first 
two tanks and in which straight line 
collectors were installed for daily re- 
moval of solids. 

Two of the original secondary con- 
tact beds were remodeled as a trickling 
filter with a traveling type distributor. 
A secondary clarifier was also con- 
structed. 

These improvements were completed 
late in October, 1936; the plant was in 
full operation November 4, 1936. The 
writer operated this plant for 5 months, 
after which the plant was placed in 
the hands of others. This condition 
prevailed for approximately 2 years. 
during which time sheer negleet and 
improper operation caused the plant 
to suffer every type of deterioration. 
When the writer returned to the plant 
in May, 1939, the effects of improper 
operation had to be overcome and an 
extensive study of trade wastes started 
again. After placing the plant in 
workable condition, attention was given 
to the grossly polluted character of the 
outlet stream. 


was removed, 


Interceptor Cleaning 


The old 20-in. intercepting sewer 
seemed to be wholly inadequate and 
incapable of accommodating the trade 
wastes from the tannery. As a result, 
these wastes spilled into the smaller 
center of the 
village, the resulting odors being read- 
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of the community. A blind man could 
recognize Ballston Spa by its odor. 

Investigations of the 20-in. intercept- 
ing line showed that the trade wastes 
(composed of hair, animal fats, and 
the various ingredients entering into 
the processing of leather), together 
with sand and street wash, left a de- 
posit in the bottom of the line. This 
resulted in surcharge of the line dur- 
ing those periods when the tannery 
waste flow was high. The surcharging 
of the line resulted in- stalactite-like 
sewer growths, which attached them- 
selves to the crown of the sewer and by 
eradual growth materially reduced the 
line’s capacity. 

It was obvious that frequent clean- 
ing of the sewer was necessary. There 
were no manhole openings in this line, 
which was 5,478 ft. long. Thus, the 
first job was to build elevated manholes 
at suitable points along the sewer. 
When this construction was completed 
cleaning operations were started. Sev- 
eral types of cleaning tools were tried, 
the best results being obtained with 
expanding cutters and a 20-in. brush. 
Frequent cleaning of the sewer pre- 
vented the overflow of waste to the 
stream and eliminated the . polluted 


condition of the stream. However, 
cleaning operations were necessary 
every 3 weeks, and as the cleaning 


tools and equipment had to be lowered 
over retaining walls for placement in 
the manholes, the cleaning operation 
was difficult and expensive. In 1942, 
therefore, a new 30-in. interceptor was 
constructed to replace the old 20-in. 
line. With suitable and ample man- 
holes. this line only requires cleaning 
three times annually. 

At the same time the lift station was 
modernized by installing a grit cham- 
ber and comminutor, by passing the 
sewage around the old receiving tank 
directly to the pumping station wet 
wells, and installing an additional 
2.500-2.p.m. pump and an additional 
16-in. force line from the pumping sta- 
tion to the settling tanks, a distance 
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of 2,700 ft. These improvements pro- 
vided an adequate intercepting sewer 
and adequate pump and force main 
capacity. 

The solids received at 
the settling tanks was very noticeable. 
Due to the fact that the solids were 
retained in the two primary tanks for 
as great a period as possible, the de- 
tention period grew less daily. Solids 
had to be removed from the primary 
tanks through bottom drains, the raw 
sludge being discharged to lagoons 
without underdrains or filter material 
of any kind. Inasmuch as the lagoons 
were at approximately the same eleva- 
tion as the adjacent stream. seepage 


increase in 


was slow and sludge drying was largely 
dependent on evaporation. 

Due to the necessity of bypassing 
the secondary settling tank when draw- 
ing sludge from the primary tanks, a 
considerable quantity of solids was de- 
posited periodically on the trickling 
filter bed. Over a 10-yr. period this 
practice caused a complete stoppage of 
the original filter bed, making it neces- 
sary to construct an additional filter 
of equal capacity during 1947. Pres- 
ent plans call for removing and e¢lean- 
ing the stone in the old filter and the 
construction of digesters. 


Reduction of Tannery Wastes 


The Ballston Spa plant of the Ameri- 
can Hide and Leather Co. manufac- 
tures all of the side leather marketed 
by this corporation. In the process 
more than 100 different ingredients 
are used, the principal ones being lime 
and chromium. Hides are received at 
the tannery in the green state; that is, 
treated with salt and tied in bundles. 
the salt acting as a pickle. The salt 
must be removed and the hides de- 
haired, after which they are passed 
through the various stages of process- 
ing and finally through the tanning 
vats. <After tanning, the hides are 
separated, making two sides per hide, 
these sides being then split to make 
two grades of leather. After the finish- 
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ing processes the hides are ready for 
uppers and fine leather 
tannery wastes contain 
the salt removed from the hides, spent 
lime, and the residue from other treat- 
ment The phyiscal charac- 
teristics of the wastes vary greatly. 
Originally, all hair removed from 
hides discharged to the sewer. 
After the industry in- 
stalled, at great expense, a hair wash- 
ing machine, dryer, and bailing attach- 
ment for handling all the long hair 
removed from hides. This action re- 
sulted in inereased revenue for the 
industry. 
A Dorr 


forations 


use as shoe 


The 


processes. 


was 
investigation 


(14-in. 
elevators and a 
hopper was also installed at the tan- 


rotary screen 


with 


per- 
stack 


nery. All the plant wastes were passed 
through the screen before entering the 
village that heavy hair 
ordinarily does not reach the sewage 
plant. However, the plant does receive 
practically all of the fine hair or fuzz 
from the hides, this material being al- 
remove by any 
screening operation. The fine hair and 
fuzz, however, together with the dis 
solved 


sewers, SO 


most impossible to 


animal fats. causes increased 


deposition of solids in the intercepting 


sewer, 


Treatment of Tannery Wastes 


Installation of settling tanks at the 
tannery for pretreatment of the wastes 
advocated. Experience 
at Ballston Spa has indicated that the 
tannery wastes can be handled at the 
municipal plant to greater advantage 
if received daily and not stored by the 
industry. This practice, however, re- 
quires careful operation control of the 
treatment units. 

The Ballston Spa treatment plant is 
not equipped with a flow meter of any 
the daily flow estimated 
by calculation of the total 
pumped to the plant. An ordinary 
recording pressure gage provides a con- 
chart of the discharge-line 

From this chart the operat- 
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ing period of each pump, or combina- 
tion of pumps, is readily determined. 

Careful gaging has provided rather 
accurate rating factors for 
each pump and combination of pumps. 
Thus, the length of time a pump oper- 
ates multiplied by its discharge rating 
factor gives the volume of sewage 
pumped. The discharge rating factors 
for the pumps are determined annu- 
ally. 

It has been held by some that tan- 
nery wastes cannot be successfully di- 
Nevertheless, plans have been 
made for the future installation of di- 
gesters at This action 
is based on experience gained from a 
pilot digester operated over a period 
of about 1 year, which proves conelu- 
sively that the solids received by this 
plant can be successfully digested. The 
resulting high carbon di- 
oxide content that will be reduced by 
washing the gas with plant effluent 
(pH 11). 

Lengthy tables of statisties concern-. 
ing the character of the sewage have 
been purposely omitted, as the Ballston 
Spa sewage is vastly different from 
most others. A typical average sample 
of the plant effluent would 
contain p.p.m. total solids, of 
which 456 p.p.m. would be suspended 
solids and 160 p.p.m. settleable solids. 
The filter effluent B.O.D. averages 102 
p-p.m. and the plant effluent 126 p.p.m. 
Stream samples 14 mile above the plant 
outfall indicate a D.O. and per cent 
saturation of 12.0 p.p.m. and 80.2 per 
cent, respectively, with the values 14 
mile below the outlet being 13.8 p.p.m. 
and 90.4 per 
anticipated with these results. 
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Conclusions 


Few sewage treatment plants can be 


completely rebuilt 
many years 
at municipal sewage plants operators 
must keep pace with the constantly 
industrial production and 
the resulting greater quantities of in- 


over period of 
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dustrial waste. At Ballston Spa the 
production of the tannery tributary 
to the municipal sewage plant has in- 
. creased 1,500 per cent in the past 20 
vears. When a production increase of 
this magnitude oceurs at an industry 


In discussing the waste treatment 
problems at Ballston Spa, Mr. Porter 
has the advantage of three viewpoints. 
First, he spent 5 months in the winter 
of 1936-37 breaking in the newly re- 
modeled plant as the supervising engi- 
neers’ representative; secondly, he has 
operated the plant continuously since 
1939; lastly, and most unusually. he 
is a long-time member and a past presi- 
dent of his local chapter of the Fish 
& Game Club. 

This discussion of Mr. Porter’s paper 
is from the standpoint of a district 
engineer of the New York State De- 
partment of Health. The department. 
in the vears from 1933 to 1940. ac- 
tively promoted the use of Federal 
grants in the remodeling of many out- 
moded sewage treatment plants. The 
allotment of P.W.A. funds to Balls- 
ton Spa in 1934 was one of the earliest 
fruits of such promotion. 

The aim at Ballston Spa had been 
to put an end to the odors resulting 
from the continued emergency dis- 
charge of foul-smelling tannery liquors 
into Gordon Creek, right in the middle 
of the village. Therefore, a continua- 
tion of such discharge after the re- 
modeling of the sewage plant was un- 
thinkable. It was the writer’s job to 
encourage the village board to hire 
properly qualified personnel, and, 

, pending this, to see to it that the plant 
was operated in such fashion as to 
stop the outlet stream odors. 

This program of encouragement be- 
gan with the very first meeting of the 
newly eleeted village board in the 
spring of 1937. It continued until a 
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using a wet process, its effect is trans- 
mitted directly to the sewage treatment 
plant receiving the waste. Such a con- 
dition will keep any operator busy, at 
least during the daily peak flow pe- 
riods. 


fully qualified superintendent was ap- 
pointed in 1939. 

Tannery officials pointed out that 
the old 20-in. trunk line, located along 
Gordon Creek, would not carry the 
early flush of beam house wastes be- 
cause it was either too small or 


was 
clogged. Village officials contended 
that it was impossible to keep the 


sewer clean because of the amount of 
clogging materials in the tannery waste 
liquors. These tannery wastes, dis- 
charged from 4 A.M. to 8 A.M., econ- 
tained as much as 70 ml. per liter of 
settleable solids. They included all the 
long hair frem the eattle hides, to- 


gether with the fleshings, skinning 
debris, skin trimmings, lime 
sludges. Not only would the trunk 


sewer line be clogged rapidly and com- 
pletely, but it also required men with 
hay knives and pitchforks to remove 
the fresh sludge settling out in the 
equalizing reservoir sump at the pump- 
ing station. One or both lift station 
pumps would clog and the final set- 
tling tanks of the sewage plant would 
be jam-packed with a felt-like mass 
that could not be moved out to the 
drying beds. As long as the tannery 
liquor was allowed to spill over into 
the creek at the factory, all this trouble 
would be avoided. 

The village officials were encouraged 
to the point of keeping the trunk lines 
clean. It required a crew of 3 men 
working 3 weeks to clean the trunk 
line with drags; in 2 days they would 
have to start in again. Everyone was 
amazed, however, to find that the 20-in. 
trunk line would carry the tannery 
wastes if it was clean, and if the 8 
beam house vat plugs were pulled one 
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at a time, instead of all at once. To 
help out, the tannery changed the de- 
hairing process, installed hair shavers, 
and recovered the hair by means of 
washing, drying and bailing equipment 
that turned out a hair by-product of 
real commercial value. No longer was 
there fresh sludge at the pump station 
that had to be moved with a_ pitch- 
fork. 

This tannery improvement encour- 
aged the village to put the cleaning of 
the trunk sewer line on a semi-emer- 
gency basis. Once the tannery officials 
became convinced that the village was 
eoing to be encouraged to keep the 
sewer line open, several of the writer’s 
recommendations to the tannery were 
adopted. The old dise fine screen that 
hadn't been used for years was junked, 
and an adequate drum-type fine screen 
was installed to take out the skin 
trimmings and fleshings, which had 
been clogging the impellers. 
This change encouraged the village 
to put the trunk line dragging on a 
semi-routine basis. 

It was then found that the inter- 
ceptor could be dragged in 10 after- 
noons, and that the cleaning would be 
good for another 2 to 4 weeks, except 
during rainy spells. 

5 days after a heavy surface runoff 
and high water in the creek above the 
trunk line, there would be signs of loss 
of sewer capacity and the tannery 
workmen would start removing the 
clamped-down cover of the emergency 
discharge manhole. It was not until 
Mr. Porter came back as superintend- 
ent and introduced engineering meth- 
ods to the sewer cleaning task that the 
effect of sewer growths was discovered. 

The effect of zoogloeal 
growths had been noted by the writer 
Westchester, where 
siderable quantities of ground water 
eained entrance. There, a sewer line 
serving five houses had to be dragged 
once a month in the spring and in the 
late fall to remove the voluminous 
erowths. Mr. Porter found that these 
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long sewage fungus streamers attached 
to the high-water line in the 
upper third of the sewer arch and in- 
creased enormously in length when 
bathed in street run-off and creek in- 
filtration. They retarded even the 
low flows and thus hastened the depo- 
sition of lime sludge and fleshings de- 
posits. Following the discovery of the 
type and extent of the sewer growths. 
it was easy for the village officials to 
understand that any replacement of 
the old 20-in. sewer should not be laid 
along the stream bank, but should be 
located in the streets. 

The voluminous tannery 
caused, and still cause, many modifica- 
tions in plant operation. Several of 
the unsolved operation problems are: 
(1) the handling of large volumes of 
high pH sludge, especially when the 
sludge is fresh and so sticky; (2) the 
oxidation of the settled sewage without 
clogging the trickling filter; (3) the 
transfer of sludge from the settling 
tanks to the digesters; (4) the rate 
and degree of sludge digestion ; and (5) 
the disposal of digested sludge. 

There is so much nitrogenous ma- 
terial in the sewage that the air around 
the treatment plant is surcharged with 
ammoniacal vapors. 


grease 


sludges 


It is impossible to 
ammonia-free water in the 
plant laboratory and impossible to pre- 
Per- 
haps it would be advisable to add ham- 
mer-milled garbage to the 


prepare 
pare or keep Nessler’s solution. 


digesters. 


This would solve the garbage disposal 
problem, also acute at 


sallston Spa. 
It would make up for the present de- 
ficiency of fermentable carbonaceous 
matter in the sewage solids. Such an 
addition might markedly shorten the 
liquifying time of the evele of nitrogen 
degradation necessary to suecessful 
sludge drying procedures. 

One of Mr. Porter’s accomplishments 
Instead of 
pining away for lack of a flow meter, 
he uses the daily charts from the re 
cording pressure gauge on the lift sta- 
tion force main to compute the daily 


deserves special mention. 
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flow and to make reasonable estimates 
of rates of flow for critical periods. 
The method is simple, trustworthy, and 
exceedingly useful in a variety of ways. 
It is recommended for the considera- 
tion of every operator and every con- 
sulting engineer. 

| should say a few words about the 
receiving stream, Kayaderosseras Creek. 
When the tannery wastes were being 
discharged directly to the Kayaderos- 
seras, Sludge banks were observable for 
2 to 3 miles below the tannery. With 
the wastes being discharged to the 
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Ballston Spa sewage treatment plant 
for the last 9 years, the sludge banks 
have disappeared. Although the plant 
effluent has more than 2,000 p.p.m. of 
dissolved solids, and during the low 
summer flows the dilution is no more 
than & to 1, the stream recovers quite 
satisfactorily in the 10-mile run to 
Saratoga Lake. In fact, several resi- 
dents along the lower reaches of the 
stream use the creek water for general 
household purposes, and one family is 
known to use the river water for drink- 
ing during the spring and fall. 
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Multiple Dosing of Sludge Beds 


What would be vour reaction if some 
one suggested that no sludge be re- 
moved from the beds during the sum- 
mer, but that instead it be built up in 
2, 3, 4, or more layers and, therefore, 
only removed once a vear—in the early 
spring? Would you surmise such a 
procedure would result in less sludge 
drying per unit of area, or would you 
merely wonder what the results would 
he? 

Multiple dosing was tried during 
1948 on one sludge bed at the Fort 
Wayne, Ind., sewage treatment plant. 
Results were that 12.1 Ib. of sludge 
were dried per square foot of sand 
area, Whereas for the rest of the sludge 
beds the average was 13.0 Ib. per sq. 
ft. The loss in sludge drying capacity 
is about 7 per cent, but Superintendent 
Ralph A. Hoot says that this method 
would have the following advantages: 


1. Considerable sludge labor could 
be saved to be devoted to other plant 
work. This would come about because 
in Fort Wayne much of the early spring 
sludge is removed directly from the 
beds by Fort Wayne citizens, whereas 
during the rest of the vear sludge is 
removed by the plant sludge crew. By 
**storing’’ the year’s supply of sludge 


on the beds, users would do most of the 
removal labor. 

2. In early spring the sludge, after 
alternate freezing and drying during 
the winter, is fine and granular; dur- 
ing warm weather the sludge bakes 
into lumps greatly resembling coke. 
Hence, by the repeated loading method 
there would be obtained a finer type 
sludge more readily acceptable to po- 


FIGURE 1.—Miultiple-dosed sludge bed at 
Fort Wayne. 
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tential users, thus inereasing the de- 
mand and reducing the quantity to be 
otherwise disposed of. 


The sludge bed used for the Fort 
Wayne experiment has 8,450 sq. ft. of 
sand area; the area of the remaining 
beds is 226,000 sq. ft. The one bed 
was loaded 7 times. The other 11 beds 
were loaded and unloaded 44 times, or 
an average of 4 times each. Figure 1 
shows the test bed with one runway 
cleaned and sludge 614 in. deep on the 


level. 


Hand Tailored Filter Stone 


Filter stone can be a costly item, 
even with the mass production methods 
used today. One plant, however, en- 
joys the distinction of having its filter 
medium entirely hand made! 

When new filters were to be installed 
at the plant of the Southern Michigan 
State Prison at Jackson, the cost for 
stone seemed too high to one alert 
party. Thinking of the hands that 
needed work to keep them out of mis 
chief, he decided to utilize some of the 
potential energy stored in the adjacent 

Plenty of rock was available, but all 
too large. Also, some was too soft and 
friable to make good filter material. 
Simple tests, however, showed that the 
process of ‘‘making little ones out of 
big ones’’ could also serve the purpose 
of eliminating the poor stone. Thus, 
if a rock broke with one or two hammer 
blows it was discarded as too soft. 

The ‘‘erushed’’ stone was sized by 
hand as produced, and then placed in 
what are probably the only filter beds 
in America containing hand tailored 
stone. 


Use with Caution 


Control of flies in percolating filters 
by means of DDT and Gammexane 
seemingly offers an easy way out for 
the harassed operator. However, in- 


discriminate dosing with the modern 
insecticides can lead to headaches just 
as bad as those occasioned by the flies, 
as shown by the results of experimen- 
tal work reported in the recently issued 
annual report of the British Water 
Pollution Research Laboratory. 

In general, the report carries the im- 
plied warning that even low dosages 
may result in effluents toxie to fish and 
other water life. Therefore, the insec- 
ticides must be used in carefully meas- 
ured amounts. 

The lowest effluent concentration of 
DDT used was 0.005 p.p.m., which was 
distinetly toxie to the fish used in the 
experiments. Liquids containing the 
corresponding concentration of solv- 
ents and emulsifying agents, but no 
DDT, were not toxie. If present, 
however, in concentrations equivalent 
to those in an emulsion giving 0.4 
p.p.m of DDT in the effluent, toxicity 
began to be evident. Thus, the toxicity 
was due mainly to DDT, although the 
emulsifving agents and solvents were 
toxie if present in sufficiently high con- 
centration. 

The experiments showed that, in gen- 
eral, fish exposed to even small coneen- 
trations of DDT for more than just a 
few minutes subsequently died. Efflu- 
ents from filters treated with DDT in 
a concentration of 10 Tb. per acre were 
toxie; with 20 Ib. per aere, markedly 
toxic. Effluents from filters treated 
with as little as 1 lb. per acre of Gam- 
mexane were toxic. 

Fly control was generally more effec- 
tive with monthly treatment of rela- 
tively clear and lightly loaded filters. 
Poor results were obtained during the 
early treatments on heavilv loaded 
filters containing large amounts of bio- 
logical film, although continued treat- 
ment gave better results. Indications 
are that more frequent applications of 
insecticide—perhaps weekly or bi- 
weekly, instead of monthly—-would 
vive better results on the latter class 
of filters. 
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Close Surveillance 


That at least one plant superintend- 
ent has more than his heart and soul in 
lis work is attested by an item in the 
log of ‘Highlights of the Year’’ con- 
tained in the 1948 annual report of the 
Belvidere, sewage treatment de- 
partment. The entry reads: 


“Supt. lost eyeglasses in aeration 
tank—removed after one hour’s work 
using rake—no damage to glasses.”’ 

Could this be the first phase of an 
experiment in remote control observa- 
tion of bacterial life in activated 
sludge? 


Safety (?) Devices 


‘*Tt was found that the gas control 
equipment was not functioning prop- 
erly.”? With this innocent appearing 
statement R. D. Craun, superintendent 
of the Rochester, Mich., sewage treat- 
ment plant, in his annual report for 
1946, begins a recital of some of the 
things he found on taking over the 
plant. 

Expanding on the statement, Mr. 
Craun goes on to say that the erratic 
performance of the gas controls led to 
inquiries which elieited the informa- 
tion that about a month before an ac- 
cumulation of scum between the di- 
vester sidewall and the cover skirt had 
held the floating cover suspended while 
supernatant was being drawn. Several 
feet of liquid had been withdrawn be- 
fore the cover released and suddenly 
dropped the entire distance. 

It was obvious that the sudden pres- 
sure surge had probably damaged all 
of the diaphragm-regulated equipment, 
so careful examinations were made. 
The vacuum-pressure relief assembly 
mounted on the digester cover was 
found to have the fill-pipe, the seal- 
liquid reservoir, and the flame-trap as- 
sembly filled with a thick scum; the 
diaphragm was cracked very 
brittle. The diaphragms of the other 
controls were ruptured, perforated, or 
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stretched, so that a general replace- 
ment was made. It was also discov- 
ered that a nail had been used to re- 
place the fusible link in the thermal 
plug of the Varee flame-trap assembly. 

Further examination revealed that 
the automatic safety valve, which is 
controlled by the boiler hot water 
limit control or the pilot flame through 
the thermocouple lead, was so deterio- 
rated as to be unrepairable. This 
was replaced by another of a newer, 
more efficient type. 

Obviously, safety devices are only 
dependable to the extent that they are 
kept in good operating condition by 
inspection and maintenance.  Cor- 
rosion or other deterioration is bad 
enough, but when the very link on 
which the whole device depends is 
short circuited or replaced by jump- 
ers, nails, pennies, and the like, the 
way is opened for disaster. In this 
ease, we're happy to be dutifully 
passing on a reminder to other opera- 
tors, rather than abstracting an acci- 
dent report that begins ‘‘Because of a 


Water Hammer Arrester 


Water hammer is a very common 


hydraulic phenomenon encountered 
whenever water in motion is suddenly 
stopped. Spring operated and check 
valves almost always cause water ham- 
mer, the effects of which may be felt 
hundreds of feet from the source. The 
sudden surges of pressure often exceed 
800 Ib. per sq. in. and are a major 
cause of pump damage, equipment 
failure, and even pipe rupture. 

To combat the damaging effects of 
water hammer, many installations use 
capped pipe air chambers. Such air 
spaces soon become water-logged and 
inoperative, and even when provided 
with valves or peteocks to permit 
drainage they require regular, fre- 
quent service, increasing maintenance 
costs without reducing equipment 
hazard, 
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A new device on the market provides 
an air cushion to absorb the water 
hammer pressure impulse, but  posi- 
tively prevents water logging of the 
air chamber. An ingeniously fabri- 
eated metal bellows (Figure 2) allows 


FIGURE 2.—Water hammer arresting 
device absorbs shock by compression and 
decompression of air sealed within bellows. 


free contraction and expansion of the 
air sealed within it, but prevents all 
contact between air and water. Thus, 
the air chamber is continuously effee- 
tive and provides constant protection 
against water hammer. Advantages 
claimed for the water hammer arrestor 
inelude ease of installation and elimi 
nation of all maintenance or servieing 
needs thereafter. 


Lower Away! 

As welcome as the flowers in spring 
is the news that general selling prices 
on cast iron pipe and fittings have 
been reduced $11 per net ton by the 
('. S. Pipe and Foundry Company, of 
Burlington, N. J. Of this total redue 
tion, $4 is occasioned by a decline in 
pig iron prices, effective May 1, and 
follows a reduction in general selling 
prices of $7 per net ton announced by 
the company on April 25, prior to the 
pig iron price decline. 

Looks as though some of that feeling 
of frustration will be relieved now that 
maintenance and replacements ease off 
on the budget a little. 
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Dream Comes True 


Glass-covered sludge drying beds or 
sedimentation basins of sewage treat- 
ment plants have many 
mistaken for ‘‘greenhouses’’ by ill-in- 
formed individuals. At DeKalb, IIL, 
however, a long time dream of Super- 
intendent D. E. Henn has finally come 
true in the form of a real greenhouse 
for plants and seedlings. 

Beautification of the grounds at the 
plant has been a policy of the DeKalb 
Sanitary District for some years. In 
fact, the beautification policy has ex- 
tended to the entire community, with 
flower plants and bulbs grown at the 
treatment plant being distributed to 
local horticulturists. In 1948 over 
2.000 aster plants were raised, of which 
1,000 were set out on the plant grounds 
and the remainder given away. 
1,700 gladiolus bulbs were planted and 
produced many beautiful blooms of 25 
named varieties. Of the more than 
3,000 bulblets planted, many grew into 
blooming bulbs for the 1949 


season. 


times been 


Over 


size 


With such a gardening program it 
has become increasingly difficult to 
carry over plants during the winter 
and provide space for starting seed- 
lings. The office simply wasn’t big 
enough to be both an office and a hot- 
house! By March, 1948, however, the 
public relations value of the beautifi- 
cation program had so impressed the 
District’s Board of Trustees that a 
small greenhouse—15 ft. by 17 ft.— 
was authorized. The structure, as- 
sembled during the summer by plant 
personnel, is heated by hot water from 
the gas fired boiler located in the office. 
Therefore, the operation 
should be practically nothing. 

And the publie relations 
should be infinitely great! 
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Heat for the Cold Spots 


Chlorinator troubles last 
Lester Pope. operator of the Hamilton 


winter led 


sewage treatment 


Township, N. J., 


ra 
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plant to look for help from—of all 
places—the local gas company. True 
to its name, the Public Service Gas 
Company performed a truly public 
service. 

The trouble had been found to be 
not with the machine, but with the 
chlorine itself, due to low building 
temperatures. On a good cold morning 
the temperature in the chlorine build- 
ing, a separate building heated by a 
2-burner oil stove, might be as low as 
40. As the sun came up it might go 
up to 55; on a warm day, as high as 
80. The variation, of course, inter- 
fered with proper control of chlorine 
dosing. 

Service personnel from the gas com- 
pany, when informed that a constant 
temperature was desired and that sew- 
age gas was to be used, recommended 
a unit heater equipped to burn di- 
gester gas. The heater installed is a 
unit hot air heater suspended from the 
ceiling. A thermostat near the chlo- 
rinator controls the electric fan, which 
in turn has a fly-ball governor con- 
trolling the main burner. 

This makes the perfect outfit, as the 
chlorine building is kept within 2 de- 
grees of the thermostat setting. In 
addition, the installation has pointed 
the way to an easy and economical 
method of heating out-of-the-way build- 
ings or spaces in any part of a plant 
with only the cost of using the excess 
digester gas supply. 


Better Brush Control 


The newest thing in chemical weed 
and brush control is reported to be 
2, 4, 5-T. Using the stuff should be 
easier than trying to eall it by its 
proper name, however, for as the chem- 
ists say it this new weed killer is the 
‘isopropyl ester of 2, 4, 5-T trichloro- 
phenoxyacetic acid.’’ It is a elose 
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cousin of the well-known 2, 4-D, and 
similarly kills by hormone action. 

2, 4, 5-T, is a welcome addition to 
chemical hormone weed killers, as it 
is purported to give better control 
than 2, 4-D of poison ivy, poison oak, 
and brambles, as well as willows and 
many other woody perennials. Users 
can look forward to more effective con- 
trol of hard-to-kill brush plants where 
they are a problem in fence rows, ditch 
banks, rights-of-way, ete. Commercial 
weed killers based on the compound are 
said to mix readily with water or oils 
and to be useable in combinations with 
2. 4-D for extended coverage and util- 
ity. The best time to use preparations 
of 2, 4, 5-T is during spring and early 
summer when plants are growing rap- 
idly and the leaves are fully developed. 


Match This One! 

As any operator knows, every so 
often his plant is called on to handle 
untreatable material, sometimes with- 
out his previous knowledge. The gen- 
eral public is all too prone to ‘‘dump 
it down the sewers.’’ One instance 
that has come to our attention, how- 
ever, bypassed the sewers and struck 
right at the heart of the treatment 
plant. 

A newspaper account of vandalism 
last Halloween in Williamsville. 
after noting that every fire hydrant in 
the village had been opened, thus re- 
ducing the fire-fighting potential to 
the vanishing point, goes on to say: 


“The gang, apparently led by adults, 
then ripped up an entire barbed wire fence, 
snarled the wire about the wooden posts, 
and dumped the bundle into the disposal 
plant. Workman labored for several 
hours to remove it so that normal disposal 
procedure could be resumed.” 


Anybody know the B.O.D. and pH 
of barbed wire? 
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Editorial 


TREND TOWARD PREAERATION 


A recent survey of sewage treatment 
design practices has directed our atten- 
tion to a trend that has been gaining 
force more rapidly than may generally 
be realized, i.e., the increasing employ- 
ment of preaeration or ‘‘air-floccula- 
tion’’ in new and existing plants. This 
takes us somewhat by surprise-——not 
because preaeration is lacking in its 
promised advantages, but because such 
trends are usually prefaced by a pro- 
lifie technical literature on the results 
of fundamental research and operating 
experience. In this case the logically 
anticipated benefits of preaeration seem 
to have sold the practice without full 
evaluation of its capacities and limits. 

Possibly the first plant scale preaera- 
tion installation in the U. S. is that at 
Decatur, Ill. (Tuts Journau, 3, 4, 
621; October, 1931), which was built 
in 1928. Although early 
showed substantial benefits from plain 
alone, the Decatur facilities 
have been applied most of the time for 
short-period activated sludge treat- 
ment. Preaeration is not even men- 
tioned in the functional outline of 
sewage treatment processes contained 
in Chapter II of the Federation’s 
Tenth Anniversary Book ‘‘ Modern 
Sewage Disposal,’’ indicating that the 
practice was hardly recognized as a 
conventional one at that time (19388). 
The 1945 sewage treatment inventory 
compiled by the USPHS Water and 
Sewage Investigations Station lists 
air-flocculation installations, 
although this number is believed to be 
low because several known installations 
indicated in the 
Preaeration therefore, may be classed 
‘‘new development,’’ and its eur- 


studies 


aeration 


only 2s 


are not so census. 


as a 


rent popularity as reported by state 
sanitary engineers merits notice. 

Also noteworthy in connection with 
this development pattern is the fact 
that the present trend is not supported 
by the exploitation and sales pressure 
which accompanies the promotion of 
The writer is not 
any process patent involve- 
ment in preaeration applications, al- 
though some arrangements of floceula- 
tion chambers in sedimentation tanks 
are proprietary. 

In the January, 1948 issue of Tuts 
JouRNAL (page 115), Walker submits 
a highly enthusiastic case in favor of 
preaeration as a means of improving 
the ‘‘treatability’’ of and 
urges study of the efficacy of operating 
installations. We heartily endorse his 
plea for such investigations, and will 
welcome the opportunity to publish 
conclusive data and other findings. 

Among the apparent returns from 
preaeration are: 


patented processes. 
aware of 


sewage, 


1. Flocculation of fine suspended 
matter and colloids, with greater effi- 
ciency of solids and B.O.D. removal 
by primary sedimentation. 

2. “‘Serubbine’’ out and dilution of 
entrained gases capable of 
odor nuisance. 


creating 


3. Freshening or ‘‘conditioning’’ of 
the raw sewage, with related improve 
ment of general conditions during sub 
sequent treatment. 

4. De-emulsification and flotation of 
vrease (and, possibly, greater removal 
of grease with settled solids). 

5. Mixing and dispersion of small 
bateh discharges of toxic or otherwise 


objectionable industrial wastes. 
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6. Induced precipitation and coagu- 
lation in the presence of certain chemi- 
cal salts. 

7. Nominal 
tion. 


direct B.O.D. satisfae- 


Some of these advantages would be 
realized by mechanical flocculation 
without air; others would not. 

It occurs to the writer that air-floceu- 
lation might also be employed ad- 
vantageously ahead of sedimentation 
tanks receiving trickling filter (especi- 
ally high-rate) effluents. So used it 
would be expected to supplement and 
complete the bioflocculation effected in 
the filters, affording higher over-all 
efficiencies. 

Walker, in the discussion cited above, 
defines preaeration as being complete 
only when sufficient oxygen has been 
added to the sewage to supply a 0.2 
p.p.m. D.O. content after 60 minutes 
storage in a stoppered bottle. He goes 
on to say that 10 minutes or as much 
as 10 hours of preaeration may be re- 
quired to reach this threshold. Cer- 
tainly the economies of any installa- 
tion providing more than one hour of 
preaeration would be doubtful in most 
cases, for the reasonable expectancy in 
flocculation, flotation, freshening, and 
release of entrained gases should be 
achieved in an hour or less. 

It would appear logical that the bene- 
fits accruing from preaeration would 
be largely dependent upon the strength 
of the raw sewage and the nature of 
industrial wastes present therein. 
Little or no advantage would be ex- 
pected where the sewage is fresh, di- 
lute, and of domestic origin; startling 
values might be found in the treatment 
of strong, stale, and variable indus- 
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trial sewages, particularly where there 
may be substances that would coagu- 
late during preaeration. But where 
is the limit above which preaeration 
will pay its way? What types of in- 
dustrial wastes are most likely to sub- 
mit to the process? Under what con- 
ditions might it be feasible to resort 
to extended preaeration in the interests 
of over-all plant economy and operat- 
ing efficiency ? 

There are already enough operating 
preaeration installations to supply 
much of the basic information that 
would be useful. At some of these 
plants the layouts will permit com- 
parative studies that would be especi- 
ally interesting and valuable. Data 
made available up to this time have 
been regrettably meager, and it is 
hoped that those who are in a position 
to furnish information will meet the 
need. 

Considerable fundamental research 
applicable here has been. conducted in 
connection with studies of the activated 
sludge process, grease removal, and 
mechanical flocculation. This work 
could be reviewed and supplemented 
with profit. 

It has often been the case in the past 
that considerable misapplication has 
resulted when a sewage treatment proc- 
ess or device has struck a ‘‘run’’ of 
popularity. It is not the purpose of 
this discussion to discourage preaera- 
tion installations, but rather to encour- 
age their use when, where, and as they 
will serve best. Wise use of this or 


any other tool is attainable only when 
its mechanics are understood, its ca- 
pacities and limitations known, and its 
costs balanced against benefits. 
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Proceedings of Member Associations 


ARKANSAS WATER AND SEWAGE CONFERENCE 


Eighteenth Annual Meeting 


Little Rock, Arkansas, April 11-13, 1949 


The 1949 Annual Meeting of the 
Arkansas Sewage Works Section was 
held during the Eighteenth Annual 
Arkansas Water and Sewage Confer- 
ence and Short School. The meeting 
was held in cooperation with the Uni- 
versity of Arkansas and the State 
Board of Health. Sessions were held 
in the Municipal Auditorium, with 
headquarters at the Marion Hotel. 

Mayor Sam Wassell, Little Rock, in 
the opening address of the meeting, 
extended the city’s welcome to the Con- 
ference members. Following Chairman 
Solon Sanderson’s response, a moving 
picture, ‘‘Clean Waters’? was shown. 

A valuable technical 
sions were held at the meeting under 
the general topics of water purification, 
meters, distribution systems, and dis- 
tribution and sewage. 

At the business meeting of the Sew- 
Works Section, action was taken 


series of ses- 


ave 


to amend the constitution to provide 
for the increase in Federation dues. 
effective January 1, 1950, the date 
SEWAGE WorkKs JOURNAL begins month- 
ly publication. The Section expressed 
its unanimous approval of the monthly 
publication of Sewack Works Jour- 
NAL. 

Frederick L. MeDonald, Chief Sani- 
tary Engineer of the Arkansas State 
Board of Health, was nominated for 
the FSWA Arthur S. Bedell Award 
for outstanding services rendered. 
The presentation will be made at the 
Annual Meeting of the Federation in 
Boston, October 18-21. 

Elected to succeed F. L. MeDonald 
as FSWA Director was Ben W. Dees 
of Little Rock. Mr. Dees’s three-year 
term will begin October, 1949. 

Harrison 


Secretary 


OKLAHOMA WATER AND SEWAGE CONFERENCE 


1949 Meeting 
Oklahoma A. & M. College, Stillwater, Okla., January 24-27, 1949 


The Oklahoma Water 
Conference held its Twenty-second 
Annual Water and Sewage Short 
Course at the Oklahoma A. & M. Col- 
lege, Stillwater, January 24-27, 1949. 
A total of 110 and guests 
participated in this year’s program 
with renewed interest. 


and Sewage 


members 


The technical program consisted of 
lectures and panel discussions, which 
were supplemented by laboratory ses 
sions. Topics covered in the sewage 
works program were sewage character- 
istics, sewer maintenance, treatment of 
sewage, sludge digestion, and pumps 
and sewage lift stations. 
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Professor Earnest Boyce presented 
the subject, ‘‘Relationship of Health 
Departments to Water and Sewage 
Works Personnel,’’ at one of the eve- 
ning sessions. Also on the evening pro- 
gram was Frank S. Taylor, FSWA 
Director, who gave a report on the 
Federation. 

As in the past, the outstanding event 
of the Conference was the annual din- 
ner meeting, held Wednesday evening, 
January 26, 1949. The guest speaker 
was Colonel Jack J. Hinman, Jr., U. 8. 
Army Engineers, retired, Iowa City, 
Iowa. Colonel Hinman spoke with in- 
terest regarding the water supplies in 
Japan. Following the presentation of 


One of the major highlights of the 
Fourth Annual Joint Meeting of the 
Kansas Sewage Works Association and 
the Kansas Section, American Water 
Works Association, was an address by 
the Honorable Frank Carlson, Gov- 
ernor of Kansas. In his discourse on 
the responsibilities of the water and 
sewage works professions, Governor 
Carlson expressed satisfaction at the 
keen desire for knowledge he had ob- 
served at the meeting. The meeting, 
held on April 21 and 22, 1949, at the 
Hotel Bisonte, Hutchinson, Kansas, is 
believed to be the first annual meeting 
of a member association of the Federa- 
tion at which the Governor of a state 
has been a speaker. 

The morning session on April 21 
included papers on the Hutchinson 
water system and emergency main- 
tenance, in addition to the following: 
‘‘Report of (Kansas) Legislation Au- 
thorizing Sewer Service Charges,’’ by 
C. M. Williams, commissioner of 
streets and sewers, Topeka. 


PROCEEDINGS OF MEMBER ASSOCIATIONS 


KANSAS SEWAGE WORKS ASSOCIATION 


Fourth Annual Meeting 
Hutchinson, Kansas, April 21-22, 1949 
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awards, the business meeting and elec- 
tion of officers was held. 

The Conference adopted the increase 
in dues to the Federation of Sewage 
Works Associations, effective January 
1, 1950. and its constitution was 
amended to cover the action taken. 

Officers elected for the year 1949 
are as follows: 


President: Curtis E. Moutrey, Tulsa. 

Vice-President : Grover L. Morris, Okla- 
homa City. 

Secretary-Treasurer: 
Oklahoma City. 

FSWA Director: Frank Taylor, Okla- 
homa City. 


H. J. Darcey, 


H. J. Darcey, 
Secretary-Treasurer 


“The Water Pollution Control Pro- 
gram of the U. 8. Public Health Serv- 
ice,’? by Glen Hopkins, U.S.P.HLS. 
officer in charge, Missouri River Basin, 
Kansas City, Mo. 

The afternoon session was devoted 
almost entirely to water utility prob- 
lems. C. Hagar, secretary of the Kan- 
sas Section, A.W.W.A., reported on 
pending state legislation providing re- 
tirement for state and municipal em- 
ployees. 

After a buffet supper, business meet- 
ings of both the Kansas Sewage Works 
Association and the Kansas Section, 
A.W.W.A., were followed by delightful 
entertainment and the awarding of 
door prizes. 

With the exception of a paper on 
geologic methods of prospecting for 
ground water, the entire morning ses- 
sion on April 22 was devoted to panel 
discussions of sewage plant problems. 
Under the leadership of L. T. Haga- 
dorn, consulting engineer, Salina, the 
respective members of the panel cov- 
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ered the following subjects: ‘‘Opera- 
tion of an Activated Sludge Plant,’’ 
Ray Conant, superintendent, Hering- 
ton; ‘‘ Maintenance of Trickling Filters 
and Separate Sludge Digesters,’’? Roy 
Binder, superintendent, Hays; ‘‘Oper- 
ation of an Incinerator as Part of a 
Sewage Treatment Plant,’’ Llovd Han- 
kins, superintendent, Winfield ; ‘‘ Main- 
tenance of Imhoff Tanks,’” C. M. 
Cooper, city engineer, Pittsburg, Kans. 
This was followed by an ‘‘ Operators’ 
Forum,’’ presided over by Ben Lee, 
superintendent at Hutchinson. 

The afternoon session on April 22 
was devoted to ‘‘clinies’’ and panel 
discussions on waterworks maintenance 
problems. In the evening more than 


150 enjoyed the annual banquet, at 
which the annual awards were pre- 
sented. 

Total registration at the meeting 
was 190, of whom 22 were ladies; 18 
members of the Kansas Sewage Works 
Association attended. 

At the business meeting the follow- 
ing officers were elected for the coming 
year: 


Chairman: Roy Binder, Hays. 
Vice-Chairman: D. B. Kissinger, To- 
peka. 
Secretary-Treasurer: Dwight F. Met- 
zler, Lawrence. 
Dwight F. Metzler, 


Secretary-Treasurer 


MEMBER ASSOCIATION MEETINGS 


Association 
Pennsylvania Sewage Works 


Association 


Sewage Works Association 


Rocky Mountain Sewage Works 
Association 

Georgia Water and Sewage Works 
Association 


West Virginia Industrial Wastes and 
Sewage Works Association 


Canadian Institute on Sewage and 
Sanitation 


South Dakota Sewage and Water 
Works Conference 


Federation of Sewage Works 
Associations 

New England Sewage Works 
Association 

Kentucky-Tennessee Industrial Wastes 
and Sewage Works Association 


North Carolina Sewage Works 
Association 


Place Time 
Nittany Lion Inn, Aug. 24-26, 1949 
State College, Pa. 
Hotel Kirkwood, 
Des Moines, Ia. 


Sept. 20-22, 1949 


Acacia Hotel, Sept. 21, 1949 
Colorado Springs, Colo. 

Georgia Institute of Sept. 21-23, 1949 
Technology 

Atlanta, Ga. 

Ogleby Park, Sept. 21-23, 1949 
Wheeling, W. Va. 
MeIntyre Arena, 
Schumacher, Ontario, 


Sept. 26-28, 1949 


Canada 

Alex Johnson Hotel, Sept. 28-30, 1949 
Rapid City, S. Dak. 

Hotel Statler, Oct. 17-20, 1949 
Boston, Mass. 

Hotel Statler, Oct. 17-20, 1949 
Boston, Mass. 

Lafayette and Oct. 

Phoenix Hotels, 

Lexington, Ky. 

Highland Pines Inn, Nov. 

Southern Pines, N. C. 
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Early indications are that the 
Twenty-second Annual Meeting of the 
Federation of Sewage Works Associa- 
tions, to be held at the Hotel Statler, 
Boston, Mass., on October 17-20, 1949, 
will be the most significant pollution 
abatement conference in New England 
since Boston Harbor received its initial 
world-shaking overload of tea ‘‘ wastes”’ 
in 1773. The New England Sewage 
Works Association is acting as host in 
the historic ‘‘Hub”’ city. 

The membership of the Local Ar- 
rangements Committee, which has al- 
ready completed many of the final 
details, comprises the following sub- 
committee chairman : 


yeneral Chairman: E. Sherman 
Chase, consulting engineer, Boston. 

Hotel Arrangements: Edwin B. 
Cobb, consulting engineer, Boston. 

Registration: Jack E. McKee, con- 
sulting engineer, Boston. 

Finance: Thomas A. Berrigan, di- 
rector and chief engineer, sewage 
division, Metropolitan District 
Commission, Boston. 

Transportation: Ralph W. Horne, 
consulting engineer, Boston. 

Inspection: Robert W. Moir, Metro- 
politan District Commission, Bos- 
ton. 

Local Host: Charles G. Hammann, 
publie health engineer, Blackstone 
Valley Sewer District Commission, 
Providence, R. I. 

Entertainment: Clair N. Sawyer, as- 
sociate professor of sanitary chem- 
istry, Massachusetts Institute of 
Technology, Cambridge. 

Ladies’ Entertainment: Mrs. Thomas 

A. Berrigan. 


Federation Affairs 


BOSTON CONVENTION DEVELOPMENTS 


Hotel Accommodations 


Those planning to attend the meet- 
ing are urged to make hotel reserva- 
tions without delay, as Boston is a 
very active convention and tourist city 
during the fall months. Requests for 
reservations should be directed to the 
Hf[otel Statler, which will be head- 
quarters for all technical and _ social 
events of the meeting. 


Technical Program 


Topical coverage of the technical 
program is unusually comprehensive, 
with major emphasis divided between 
stream pollution, sewage treatment, 
and industrial wastes treatment. 
Among the program innovations is a 
full session devoted to an ‘‘ Industrial 
Wastes Forum.’’ attraction, 
which should prove especially interest- 
ing to those concerned with this phase 
of pollution control, will be presided 
over by Stuart E. Coburn, chief chem- 
ist of Metealf and Eddy. It will run 
concurrently during the Thursday 
morning session with the always high- 
lighted ‘‘ Operators’ Forum,’’ presided 
over by LeRoy W. Van Kleeck, princei- 
pal sanitary engineer, State Depart- 
ment of Health, Hartford, Conn. 

The Monday afternoon symposium 
on industrial wastes, received with 
such acclaim in recent years, will this 
year feature’ several outstanding 
papers on treatment of wastes ecur- 
rently receiving much attention by op- 
erators, researchers, and regulatory 
bodies. 

Of general interest will be papers 
on the results of comparative tests and 
studies of air diffusion for activated 
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sludge, on bacterial standards for 
natural waters, on training of sewage 
works operators, and on progress re- 
sults in the Federation-sponsored ex- 
perimental research analytical 
methods, as well as a discussion of 
mechanical equipment in sewage treat- 
ment. In addition, up-to-the-minute 
accounts will be given of the progress 
in solving both the sewerage and treat- 
ment problems of Metropolitan Boston. 
A full afternoon will be devoted to an 
inspection trip to the new Nut Island 
sewage treatment plant and its ap- 
purtenant collection structures. Spe- 
cial inspection trips are also being 
planned to noteworthy industrial 
waste treatment installations in and 
around Boston and nearby cities. 

The feature of the Annual Federa- 
tion Luncheon will be an address by 
Dean Gordon M. Fair, of the Graduate 
School of Engineering, Harvard Uni- 
versity. Always an entertaining and 
forceful speaker, Dean Fair wiil dis- 
cuss the place of the science of sanitary 
engineering in the changing world. 


Social Program 
Details of the social events of the 
convention are still in process of de- 
velopment. Included will be a Recep- 
tion-Entertainment on Monday eve- 
ning, October 17, and the Annual 
Dinner and Dance on Wednesday eve- 
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ning, October 19. <A full schedule of 
special events for the ladies includes, 
besides ample shopping time, a ‘‘get- 
acquainted’’ tea, a tour of historic 
Boston and Charlestown, and a trip 
through the history-rich area around 
Cambridge, Lexington, and Concord, 
with luncheon at the world-famous 
Wayside Inn at South Sudbury. The 
New England Sewage Works Associa- 
tion will hold its annual business meet- 
ing at a Wednesday luncheon. 


Manufacturers Exhibit 


Member companies of the Water and 
Sewage Works Manufacturers <Associ- 
ation have indicated advance booking 
of all available exhibit space. Full 
occupation of the exhibit area by an 
interesting and diversified showing of 
equipment is thus assured. 


Further Details Later 


All Active and Corporate members 
of the constituent associations of the 
Federation will be sent a formal an- 
nouncement of the convention in 
August. Further details for those 
planning to attend will be contained 
in that notice. 

In the meantime, hotel reservations 
may be placed directly with the Hotel 
Statler, making mention that the ac- 
commodations are sought for the Fed- 
eration convention. 


PAST PRESIDENT FRIEL HONORED 


On June 20, 1949, the honorary de- 
of Doctor of Engineering was 
conferred on Francis S. Friel, past 
president of the Federation, by Drexel 
Institute of Technology, Philadelphia, 
Pa. The recognition was awarded for 
‘‘notable contributions to the health 
and prosperity of our people through 
his skill in sanitary technology, and to 
the security and well being of our 
country through his publie services in 
both peace and war.’’ 


gree 


Mr. Friel is a member of many pro- 


fessional engineering societies, particu- 


larly in the field of sanitary technology 
and public health. 
dent of the Pennsylvania Sewage 
Works Association, a recipient of the 


He is a past presi- 


Kenneth Allen Award, and has served 
the Federation as director (194446), 
vice-president (1945-46), presi- 
dent (1946-47). 
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Reviews and Abstracts* 


Report of the Water Pollution Research 
Board for the Year 1947. Water Pollu- 
tion Research Board (Great Britain). 
52 pp. (1949). 

Water 
The effect of chlorine on corrosion of 

metals by water was investigated. No 

definite conclusions were drawn, although 
in some cases brass ball valves were cor- 
roded. The re-use of sea water for cleans- 
ing shell fish (mussels) was studied with 
artificial sea water, using 1 to 3 p.p.m. of 

chlorine. Apparently, doses of 1 p.p.m. 

or more of chlorine acting for 30 min. or 

longer destroyed nearly all coliform bac- 
teria. 

Sewage 
At Minworth Sewage Works of the 

Birmingham, Tame and Rea _ District 

Drainage Board, alternating double filtra- 

tion has been tested since 1938. In recent 

experiments on two filters at the rate of 

150 g.p.d. (Imp.) per cu. yd. of medium, 

the doses of settled sewage applied, in 

g.p.d. (Imp.) per cu. yd., were: 


Sept. 1, 1946 
to Aug. 15, 
1947 


Aug. 27 to 
Nov. 30, 
1947 


Time 


6 a.m. to 2 P.M. 75 71 
2 p.m. to 10 P.M. 225 223 
10 p.m. to 6 A.M. 150 161 
Average 150 152 


The 5-day B.O.D. of the settled sewage 
ranged from 126 to 185 p.p.m. The pri- 
mary filter efluent B.O.D. ranged from 11 
to 46 p.p.m. The secondary filter effluent 
ranged from 9 to 22 p.p.m., and contained 
from 14 to 28 p.p.m. of ammonia as N and 
11 to 20 p.p.m. nitrite plus nitrate. 

With filtration and recirculation of 
effluent in the same months, the final 


effluent was not quite so good as from the 
alternating double filtration plant. 

The rate of treatment, in g.p.d. (Imp.) 
per cu. yd., was: 


Recirculated 
Effluent 


| Settled 

Sewage 
6a.mM.to2pm. | 75 225 
2p.M.tol0 P.M. | 225 75 
10 p.m. to 6 A.M. | 150 150 


Time 


With bio-flocculation effluent treated on 
biological filters at the maximum rate of 
150 g.p.d. (Imp.) per cu. yd., the final 
effluent was not as good as either the 
alternating double filtration or by filtra- 
tion with recirculation of effluent. 

Experiments at Coventry were con- 
ducted with single filtration (average 60 
g.p.d. (Imp.) per cu. yd.); filtration with 
recirculation of effluent (average settled 
sewage 120 g.p.d. (Imp.) per cu. yd., re- 
circulated effluent 120 g.p.d. (Imp.) per 
cu. yd.); alternating double filtration 
(average g.p.d. (Imp.) per cu. yd.). None 
of the effluents was of consistently good 
quality; many samples had a B.O.D. ex- 
ceeding 30 p.p.m. The various effluents 
had a content of ammonia as N ranging 
from 20 to 34 p.p.m., and nitrite plus 
nitrate as N from 14 to 27 p.p.m. Some 
ponding and fungus growth appeared on 
all but the single filtration unit. 

Sand filtration of biological filter effluent 
was tested in glass tubes and pressure 
filters equipped for backwash, using sand 
or finely crushed anthracite. The re- 
sulting effluent contained less than 10 
p.p.m. suspended solids. The B.O.D. was 
reduced from 50 to 70 per cent. 

Earlier experiments in 1946 showed that 
filter flies could be controlled for about 4 
weeks by adding to influent sewage | lb. 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 


which might be suitable for abstracting in Tuts JouRNAL. 


Publications of public health de- 


partments, stream pollution control agencies, research organizations, and educational institu- 


tions are particularly desired. 
325 Illinois Bldg., Champaign, 
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Address such material: Federation of Sewage Works Assns., 


5 


4 
carr 
me 
: 
— 
: 
+ 2 
ao: 
! 
= 


756 


of Gammexane or about 50 lb. of DDT 
per acre of filter. Further tests at 13 
works, using 1 lb. of Gammexane or 10 lb. 
of DDT per month, indicated varying 
results, depending on the condition of the 
filters. 

Effluents from filters treated with DDT 
were found to be toxic with 10 lb. per 
acre, and markedly toxic with 20 lb. per 
acre, or over. The lowest concentration 
of DDT used was 0.005 p.p.m., which was 
found to be distinctly toxie to trout, the 
toxicity being due mainly to the DDT 
itself. Results with Gammexane were 
inconclusive, although some fish were 
overturned where 1 lb. per acre was 
applied. 

Industrial waste waters from processing 
of sisal and coffee in East Africa were 
examined. Sisal wastes have a pH around 
5 and are 4 to 6 times as polluting as 
domestic sewage (by B.O.D. test). 3-day 
B.O.D. tests (at 26.7° C.) range from 610 
to 4,850 p.p.m. Suspended solids range 
from 150 to 700 p.p.m. Coagulation with 
ealcium hydroxide and ferric chloride was 
not considered suitable. Storage for 12 
days was considered impractical. Per- 
colating filters dosed with diluted waste 
are being tested. Re-use of waste waters 
may afford a saving of 80 per cent in water 
consumption. 

Coffee wastes originate from pulping 
the cherries to extract the bean and from 
washing of fermented beans. From the 
first source, wastes may range from 1,440 
to 3,890 p.p.m. 3-day B.O.D. at 26.7°C.; 
from the second, from 420 to 2,830 p.p.m. 
3-day B.O.D. at 26.7° C. Suspended 
solids are also high (first type 390 to 440 
p.p.m.; second, 250 to 3,260 p.p.m.). 

Treatment of diluted wastes on biologi- 
cal filters is being studied. So far, results 
indicate that possibly 1,000 cu. yd. of 
filter stone are required per ton of coffee. 

Operation of two milk washing treat- 
ment plants was examined. At 
condenser water goes direct to a river. 
The hot wastes are treated with hot 
alumino ferric (300 p.p.m.) solution and 
hot soda ash solution to raise pH to 7, 
allowed to settle overnight, and applied 
to a trickling filter 16 ft. deep. The 
effluent contained 14 p.p.m. 5-day B.O.D. 

Waste waters from cider making have 
caused trouble, containing over 1,000 
p.p.m. B.O.D. and pH 5to7. Treatment 
on trickling filters was helpful, handling 
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diluted cider wastes mixed with domestic 
dewage. 

Slaughter house wastes on a small scale 
are noted. Brief discussion is given on 
wastes from manufacture of dyestuffs and 
dyeing and finishing of textiles. The 


latter wastes were applied to biological 
filters with encouraging results. 


Waste waters containing cyanides are 
discussed from a laboratory standpoint. 
The use of suitable absorbers was indi- 
cated, followed by iron solution to form 
ferrous ferrocyanide. 

Toxicity of chlorinated sewage effluents 
is briefly discussed, where gas liquor is 
present and cyanogen chloride is formed. 
The smallest concentration of cyanogen 
chloride that is toxic to rainbow trout is 
about 0.08 p.p.m. 

LANGDON PEARSE 


Headaches from Treatment of Com- 
bined Industrial Wastes and Sewage. 
By Sruarr E. Copurn. Journal, Bos- 
ton Society of Civil Engineers, 36, 64 
(January, 1949). 

The author discusses the effect of vari- 
cus wastes on sewage treatment, and, in 
particular, the effect of high temperature, 
dye wastes, and soluble oils which pass 
through a plant. Gasoline and mineral 
acids should be excluded from sewers. 
He lists the following as a source of trouble 
in a fur industry: 


(1) Sulfur dye, which may not be re- 
moved by treatment. 

(2) Grease and alkali (from scouring 
skins), which clog sewers and retard 
biological treatment. 

(3) Heavy suspended matter. 

(4) Toxic chromium (from mineral tar), 
which prevents digestion of sludge. 

(5) Large quantities of organic material 
with excessive B.O.D. 


Metals and wastes from metallurgical 
and metal working plants are deleterious to 
sewage treatment, particularly iron, cop- 
per, chromium, zine, and cyanides. Acid 
iron wastes have caused trouble at Cleve- 
land and Fostoria, Ohio, and at Worcester, 
Mass. Zinc has retarded sludge digestion 
at Fostoria, Elyria, and London, Ohio. 
Chromium up to 25 p.p.m. ean be handled, 
but 40 p.p.m. is disturbing. Cyanides as 
low as 1 p.p.m. are toxic to biological 
activities. However, cyanides should not 
be permitted in a sewer. 
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The paper cites the concentration limits 
proposed by the Allegheny County Sani- 
tary Authority (Report, Jan., 1948): 


Concentration Limits of Toxic 
Substances, in P.P.M. 


Primary Treatment 
Secondary 
Names of Items 
No Sludge} Sludge 
Digestion | Digestion 
Total Iron 5.0 5.0 5.0 
Copper 3.0 1.0 1.0 
Chromium 5.0 5.0 3.0 
Cyanide 2.0 2.0 2.0 
pH Index (not 
less than) 5.0 6.5 6.5 


The Authority also recommends that 
mineral oils be excluded from municipal 
sewers, soluble oils be reduced by pre- 
treatment, combustibles be excluded by 
ordinance, free mineral acid be neutralized 
at the sources, and acetylene generation 
sludge be excluded. The author endorses 
these limits as reasonable. He discusses 
the remedies for excessive concentration 
of industrial wastes at sewage treatment 
plants, such as removal from the sewer 
and separate treatment; pre-treatment; 
and acceptance of the waste and enlarge- 
ment of the plant. Cited are nine ex- 
amples of headaches, and general rec- 
ommendations for reducing objectionable 
constituents at source. 

In the discussion, J. A. McCarthy dis- 
cusses experimental work on industrial 
wastes, the effect of formaldehyde on 
filters, and the effect of detergents and 
wastes high in peroxides and chlorine. 
Grease and fish scales in salt water are 
troublesome. 

Also in discussion, C. N. Sawyer touches 
on six needs: 


1) Adequate ordinances governing dis- 
posal of toxic and other deleterious ma- 
terials; 

2) Adequate sewer rental laws; 

3) Controlled discharge and adequate 
mixing of certain industrial wastes; 

4) Study of nutritional factors when 
certain wastes are involved; 

5) Study of existing sewage treatment 
facilities to determine their shortcomings; 
and 

6) Industrial waste surveys to deter- 
mine abnormal losses. 
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Sawyer cites losses which should not be 
exceeded; paper making, 1 lb. fiber per 
ton of paper; packinghouse, 1 lb. grease, 
3.5 lb. N, and 28 lb. of B.O.D. per ton of 
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Subsurface Sewage Disposal. By J. F. 
Kiker, Jr. Bulletin No. 23. Florida 
Engineering and Industrial Experiment 
Station (December, 1948). 72 pp., 
diagrams. 

This bulletin was prepared to furnish 
details of subsurface sewage disposal units 
normally requiring approval of the State 
Board of Health. 

Estimates of flow are given for various 
types of establishments, also for sources 
and fixtures at country clubs and parks. 
House sewers are discussed, with grades, 
from 4 to 12-in. diam. Septic tank ca- 
pacities start with a minimum of 1-day 
capacity for flow under 2,000 g.p.d., 
rising to 0.5-day for flows over 6,000 
g.p.d. Imhoff tanks are preferred for 
flows from 10,000 to 100,000 g.p.d. 
Specifications for construction are given, 
with information on cleaning. Storm and 
roof water should be kept out. The 
liquid effluent should be discharged into 
an absorption field. The percolation test 
of soil is described in detail, with co- 
efficients. Details of construction are 
outlined. 

Grease traps on kitchen lines are rec- 
ommended and described, also dosing 
tanks. 

Sand filter trenches are suggested where 
soil is non-absorptive. 

Subsurface sand filters and superficial 
sand filters may sometimes be advantage- 
ous. 

Chlorination of effluent may be needed 
to protect bathing beaches. Rules for 
permits, plans, and engineering services 
occupy 17 pp., including notes on realty 
subdivisions. A minimum lot of 0.25 
acre is recommended where private water 
supply and sewage disposal are used on a 
lot, under ideal conditions. Other types 
of disposal are noted from U.S.P.H.S. 


9 
Reprint No. 2461. LANGDON PEARSE 


Performance of Recirculating Plant for the 
Purification of Cannery Wastes in Bio- 
logical Filters. By Dents Dickinson. 
The Surveyor, 108, 89 (Feb. 11, 1949). 
A change in the products handled at a 

cannery located in a rural district nec- 
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essitated the provision of adequate treat- 
ment facilities. The plant as built con- 
sists of sedimentation tanks, trickling 
filters, humus tank, and pumps and piping 
for recirculation of final effluent through 
the filters. The design of the filters was 
based on an average B.O.D. of 1,300 
p.p.m. and a flow of 12,000 g.p.d., dis- 
charged over a period of 10 hr. Dilution 
in the ratio of 5 parts final effluent to 1 
part raw waste is provided. It was later 
decided to extend the period of application 
to 12 hr. per day. With 1,750 cu. yd. of 
medium the rate of application is approxi- 
mately 3.4 gal. (Imp.) per cu. yd. per hr 

The filters are 6 ft. deep, with limestone 
medium. The stone is graded with 2 ft. 
of 2-in. material on the bottom, then 2 ft. 
of 114-in., 11% ft. of 2-in. and a 6-in. sur- 
face layer of large clinker. 

During 1948 the B.O.D. of the effluent 
ranged from 11 to 21 p.p.m., based on 
monthly averages. The dissolved oxygen 
averaged about 90 per cent of saturation, 

T. L. Herrick 


Installations for the Treatment of Sewage 
in Institutional Communities in Sao 
Paulo, Brazil. By J. P. Jesus Nero. 
Boletim de Reparticao de Aguas e 
Esgotos (Sao Paulo). 10th Year. No. 
20 (April, 1948). 


Final disposal of sewage discharged by 
small communities situated in unsewered 
areas constitutes a problem of considerable 


importance. These communities include 
structures of various types situated in 
suburban and rural zones, such as schools, 
public or private institutions, industrial 
establishments, hospitals, barracks, and 
small residential groups. The problem is 
increasingly more important when it 
refers to hospital institutions, as the 
sewage has, because of its nature, a high 
suspicion from the hygienic point of view. 
A discussion follows of hospital sewage 
and contagious diseases transmittable by 
it, and pollution of surface and subsurface 
waters. Legislation and official control 
of these small localities is described with 
special reference to the problems as 
handled by the R.A.E. R.A.E. has in 
operation or under construction 10 such 
small sewage installations, for communi- 
ties with populations ranging from 1,000 
to 6,000 persons. 

Three basic elements are considered of 
primary importance—volume of flow, 
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composition of sewage, and conditions 
required in the final effluent. The aver- 
age composition of raw institutional sew- 
age is generally represented as: 

Per 


Cent 
Volatile 
Total solids ‘ 65 
Suspended solids. . 36 85 
Dissolved solids............4 570 40 
B.O.D. (5-day, 20° C.)......350 


Final discharge is invariably into the 
nearest water course, which seldom satis- 
fies the requirements for simple primary 
treatment. The method in vogue in the 
R.A.E. is complete treatment plus final 
disinfection by automatic caleium hypo- 
chlorite feeders. 

In certain cases the primary sedimenta- 
tion is carried out in Imhoff tanks; in other 
cases, in separate sedimentation and di- 
gestion units. For the secondary phase 
there has been adopted as a general rule 
the biological system, operated by: (1) 
open filters, conventional type; (2) cov- 
ered aero-filters with forced ventilation; 
and (3) activated sludge with mechanical 
aeration. Preference is given to covered 
aero-filters with forced ventilation, but 
without recirculation. The activated 
sludge projects in construction are of 2 
types according to population—(1) aera- 
tors and clarifiers functioning as one unit, 
and (2) independent aeration tanks. All 
installations are provided with manually 
operated screens and grit chambers and 
with open air sludge drying beds. 

In one project under construction 
(Airport of Sao Paulo) it is proposed to 
install a comminutor, for floating solids 
in influent. In the plant for the Tuber- 
culosis Hospital and Invalid Asylum, at 
Jacana, gas is collected and used in the 
hospital laboratories. 

kk. B. BesseLieVRE 
Flax Retting with Aeration. Technical 

Paper No. 10. Water 

SEARCH LaBporatory, Dept. of Scien- 

tific and Industrial Research, London, 

Eng. 146 pp. 1948. 

This book outlines methods of retting 
flax; experiments, both successful and un- 
successful, to treat and to re-use retting 
liquors; and small plant and full-size plant 
studies of the most promising methods of 
re-using the liquors. 


: 
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In anaerobic retting, bundles of flax 
are placed in tanks of warm water and 
allowed to remain approximately a week. 
The water extracts soluble constituents 
from the straw and the bacteria originally 
present in the flax, or added to the tank, 
break down the pectin and other sub- 
stances surrounding the fiber. The liquor 
at the end of a ret is foul smelling, has a 
5-day B.O.D. (at 18.3° C.) ranging gen- 
erally from 1,600 to 2,700 p.p.m., an 
oxygen absorbed value (from acid N/80 
permanganate in four hours at 26.7° C.) 
ranging from 520 to 980 p.p.m., and runs 
from 5,000 to 8,000 gallons per ton of de- 
seeded flax retted. The liquor is strongly 
acid, with a pH of from 4.5 to 5.4, and 
can seldom be re-used without treatment, 
as it contains substances that would in- 
hibit the desired bacterial growth. 

A chapter is devoted to a review of 
literature on methods of retting and factors 
involved and some experiments on dis- 
posal or re-use of the retting liquor. 

Experiments at the Pollution Research 
Laboratory on treatment of diluted retting 
liquors in small percolating filters dosed 
at a rate of 54 to 58 gal. per cu. yd. per 
day showed that with neutralized liquor 
the B.O.D. could be reduced from 220 to 
approximately 18 p.p.m., but when the 
B.O.D. was over 300 p.p.m. it was difficult 
to produce an effluent with a B.O.D. of 
less than 26 p.p.m. 

Experiments with chemical coagulants 
showed that by using large quantities (for 
example, 1,260 p.p.m. lime and_ 1,800 
p-p.m. FeSO.) reductions of about 50 per 
cent in polluting character were obtained. 
Biological treatment was still required 
before discharge, to a stream. 

In 1942 experiments were conducted on 
a small-plant scale to determine if anaero- 
bie retting liquor could be re-used. Aver- 
ages of results follow: 
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period required to complete a ret increas- 
ing to over 100 hours. 

Experiments on circulating liquors from 
the retting tank through filters and humus 
tanks showed that it was impossible to 
obtain low B.O.D.’s. Both filters were 
then used in parallel and the rate of ap- 
plication, started at 60 gal. per cu. yd. 
per day, was increased by stages to 200. 
At the end of 24 rets, the B.O.D. of the 
retting liquor was only 125 p.p.m. and 
that of the mixed settied effluent from the 
filters was only 6 p.p.m. Biological film 
on the top three inches of filter media was 
small. This latter series showed that 
successive batches could be retted with no 
discharge of waste waters and that at the 
completion of any ret the liquor could be 
circulated through the filter and discharged 
to a stream. 

Further tests were made to find the 
minimum filter volume that could be used. 
It was concluded that about 4 cu. yd. of 
filtering media was needed to treat retting 
liquors from approximately 160 lb. of 
deseeded flax. Cost of a system to treat 
wastes from a typical plant having four 
tanks, each with a capacity of 4 tons, was 
estimated to range from 4,000 to 7,000 
Pounds (1942-43). 

Several series of tests were made re- 
circulating liquor through aeration tanks 
to determine roughly how much air and 
recirculation would be needed. At the 
end of the series, 56 rets, the B.O.D. was 
4,280 p.p.m. Flax was darker than that 
from anaerobic retting, but the quality 
was satisfactory. Further full scale ex- 
periments showed that the liquor was acid 
and that the B.O.D. could not be materi- 
ally reduced. 

While tests with filters and separate 
aeration tanks were going on, it was found 
in small-scale experiments that successive 
batches could be retted with no discharge 


Waste 


(p.p.m.) 


5-day B.O.D. 
18.3° C. (p.p.m.) 


bsorbed | 


| pH Value Range 


Leach liquor 
Ret liquor (after leach) 
Ret liquor (with no leach) 


During the course of these rets, attempts 
were made to re-use the liquors. The 
liquor could be re-used satisfactorily for 
as much as three times with only one 
straw, the B.O.D. for most straws after 
two rets reaching 4,000 p.p.m., and the 


1130 
2200 
2040 | 


6.3-6.7 
4.74.9 
4.5-5.4 


of wastes if the liquors were directly 
aerated in the retting tanks. In the first 
trial in which frothing of the liquid inter- 
fered, it was found that the condition 
could be controlled by adding a few drops 
of oil or octyl alcohol. In a second series, 
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$0 successive batches were retted with no 
discharge or accidental loss of liquor. 
Concentration of the liquor increased 
rapidly and the B.O.D. reached 5,150 
p.p.m. on the tenth ret and 7,000 p.p.m. 
on the twenty-sixth. At the end of the 
series the B.O.D. was 3,000 p.p.m., total 
solids 12,680 p.p.m., and the pH 7.7. 
Retting proceeded satisfactorily and the 
average duration was 70 hours. Air was 
applied at the rate of 1.2 ¢.f.m. Neither 
the quality of the fiber nor of the liquor 
was improved by the addition of lime dur- 
ing the retting process. 

To find the optimum rate of air at which 
the duration of the retting period would be 
a minimum and the condition of the liquor 
remain satisfactory, six series were run. 
Air supplied at rates of 0.5 and 1 c.f.m. 
gave generally unsatisfactory results, but 
satisfactory results were obtained when 
sufficient air was supplied to maintain a 
substantially neutral condition. 

In subsequent full-scale experiments, 
a series of forty rets was made with no 
discharge of wastes, and only enough warm 
water was added to compensate for that 
lost by evaporation or on the removed flax. 
Temperature was normally 30° C.; weight 
of straw varied from 2 to 4 tons, averaging 
about 3 tons. Ratio of the weight of 
water to flax varied from 32:1 to 16:1, the 
average being about 22:1. Average dur- 
ation of the rets was about 60 hours. 
Liquor was stored in two tanks at intervals 
between rets, a considerable amount of 
solids depositing on the floor of these 
units. A partial tabulation of the results 
follows: 


Absorbed | 
4 hrs., 


Tot. 
Solids 
(p.p.m.) 


C. 
p.p.m.) 


(p.p-m.) 


1,330 
2,600 
5,300 
4,500 
5,400 
8,200 
7,450 


10,870 
10,740 
13,800 
15,140 


1,910 17,000 


Acidity varied according to the crop of 
straw used and the weight of flax in the 
tank. Straw from 26 crops was used, 
the average yield being 13.2 per cent and 
the grading satisfactory. 

Wm. A. HAasFURTHER 
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Course for the Information and Improve- 
ment of Operators and Assistants in the 
Treatment of Sewage. Boletim de 
Reparticao de Aguas e Esgotos (Depart- 
ment of Water and Sewage), Sao Paulo, 
Brazil. 10th Year. No. 20 (April, 
1948). 

Instruction and improvement of per- 
sonnel appointed to exercise the functions 
of a water and sewage service always re- 
ceives the attention and interest of the 
administration of the Reparticao de Aguas 
e Esgotos (R.A.E.). R.A.E., which main- 
tains several types of treatment plants, 
considers it important to have operators 
reasonably well prepared and with initi- 
ative to attend to their duties and satisfy 
the requirements. 

In 1945 there was organized for the first 
time in Brazil (and probably in South 
America) a course for the instruction and 
improvement of operators and assistants 
of sewage treatment works, not only for 
those charged with the treatment, but 
also for others interested in the subject. 

The course consists of three parts: one 
for those having a fundamental course in 
sanitary technique and who wish to 
specialize in the direction, maintenance, 
and operation of sewage treatment plants; 
the second for common operators of small 
plants or plants where a class A operator is 
in charge; and the third for assistant 


operators. 
E. B. BrEssELIEVRE 


Digester Operates as Imhoff Tank Dur- 
ing First-Stage Development. By G. 
T. Sparrow. Engineering News-Rec- 
ord, 142, 21, 63 (May 26, 1949). 

An influent-effluent, weir-trough chan- 
nel with a movable bottom converted a 
rectangular digester to an Imhoff tank in 
step-by-step development of sewage treat- 
ment facilities at White Salmon, Wash. 
The design permits reversal of flow, elimi- 
nates cross current between the two parallel 
clarifier sections, prevents difficulties with 
heavier settleable solids, and helps take 
care of the floating solids. 

Stage construction of the plant began 
with what is eventually to bea 15 X 22-ft. 
digester, 22 ft. deep. Present treatment 
is provided by installation in the digester 
of timber baffles to convert it to an Imhoff 
tank. Good primary effluent is produced 
by the unit with a minimum of mainte- 


nance. H. P. 


oO 5-day | 
Ret B.O.D. 
N Ree | 2 | 183°C, | PH | 
| 630 | 5.4 3,550 
BS 4 | 960 6.9 6,690 
10 | 41,450 6.1 
15 | 1,340 6.2 
20 1,720 | 6.5 
30 | 1,620 | | 6.4 | 
1 | 
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Average Composition of the Sewage of the 
City of Villa Maria, Cordoba Province, 
Argentina. Revista de Obras Sanitarias 
de La Nacion (Buenos Aires). 12th 
Year. No. 126 (June, 1948), 

Results are presented of a study to 
determine whether to build a new sewage 
treatment plant or to modify an existing 
one for this city of 35,000 population, of 
whom 24,700 are connected to sewers. 
Tabular data are given for samples taken 
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at 6-hr. intervals over a period of 14 days, 
and for a weighted, composite sample pro- 
portionate to the flow in the separate 
system at the sample periods. The basic 
analyses provided the following general 
characteristics on samples taken between 
May 30 and June 12, 1948. Flow volume 
is not given in article, but is probably 
about 200 liters per capita per day (1.304 
m.g.d., or 52.8 g.p.d. per capita for 24,700 
sewered population). 


Composite Table (assembled by abstractor) 


Average 
for Period 


Daily Range Weekly Range 


Max. Min. Max. Min. 


Total residue by evap. (p.p.m.) 
Fixed solids (p.p.m.) 

Volatile solids (p.p.m.) 

Susp. solids, total (p.p.m.) 

Susp. solids, fixed (p.p.m.) 

Susp. solids, volatile (p.p.m.) 
Settleable solids, 2 hr. (e.c.) 
Chlorides, as Cl (p.p.m.) 

Sulphates, total, as S (p.p.m.) 
Nitrogen, organic (p.p.m.) 
Nitrogen, ammoniacal (p.p.m.) 
Nitrogen, as nitrite (p.p.m.) 
Nitrogen, as nitrate (p.p.m.) 
Dissolved oxygen (p.p.m.) 

B.O.D., 5-day 20° C., raw. (p.p.m.) 
B.O.D., 5-day 20° C., settled 2 hr. (p.p.m.) 
Oxygen consumed, MnO,K (p.p.m.) 


889 


991 749 775 


E. B. BesseLiEVRE 


586 622 544 680 511 Ee 

303 386 200 354 264 ae 

: 113 173 44 130 85 ng 

i 26 41 10 32 17 ei 

87 132 34 100 66 sie 

0.8 1.7 0.8 1.0 0.5 

63 73 55 67 57 pst 

0 0 0 0 0 BAC 
9.8 13.7 5.8 11.3 7.7 eit: 

23.6 27.6 21.1 25.7 21.6 oe 

0.09 0.23 0.01 0.31 0.03 ais 
0.08 0.18 0.05 0.17 0.0 
2.1 4.8 0.9 3.0 1.1 oa 
; 150 250 68 165 115 oe 
120 185 58 155 

‘ 39 58 25 42 36 ay 

i 

flit 


Book Review 


Odors: Physiology and Control. By 
Carey P. McCorv and N. 
WITHERIDGE. MeGraw-Hill Book 
Company, New York 18, N. Y. First 
Edition, 1949. $6.50. 405 pp. 


This book is claimed to be the first 
full-length technical book published in 
the United States dealing exclusively 
with the subject of odors and their con- 
trol. An indication of its eompre- 
hensive analysis of odor perception, 
measurement, classification, and regu- 
lation is contained in the following list 
of chapter headings: 


The Anatomy of the Olfactory 
System 

The Physiology of the Olfactory 
Sense 

Chemical Constitution and Odors 

Odor Classification 

Odor Detection and Measurement 

The Pathology and Perversions of 
the Olfactory System 

The Influence of Odors on Health 
and Comfort 

Human Body Odors in Health 

Human Body Odors in Disease 

Odors in the Diagnosis of Disease 

Household Odors 

Odors of Waters and Foods 

Industrial Odors 

The Offensive Trades 

Air Conditioning and Odors 

Chemical and Physieal Destruction 
of Odors 

Odor Masking 

Odor Cancellation and Counteraction 

The Sorption of Odors 

Odors as Warning Agents 

Odor Repellents and Odor Attractors 

The Making of an Odor Survey 

The Legal Aspects of Odor Nuisances 
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Considerable additional material of 
value is contained in a 125-page bibliog- 
raphy, which is organized to parallel 
the text content. 

In contrast to earlier works on the 
same topic, the primary purpose of the 
present volume is not improvement of 
perfumes and other pleasant aromas, 
but revelation of the intricacies of odor 
physiology and the abatement of 
noisome odors. Starting with the ecom- 
mon ground of odor physiology, the 
authors early shift their emphasis to 
the significance and control of offensive 
odors. 

Emphasizing the varied applications 
of offensive odor control, the book out- 
lines a number of practical methods 
that may be followed in eliminating 
odors from factories, homes, public 
buildings, foods, waters, and the per- 
son. 

The odor problems of sewage and 
industrial waste treatment plants are 
freely referred to throughout the 
chapters dealing with odor destrue- 
tion, masking, cancellation, and coun- 
teraction, in addition to that on legal 
aspects. In this latter chapter are 
given definitions of nuisances, several 
typical nuisances, an outline of the 
legal responsibilities of political units, 
and brief abstracts from outstanding 
legal cases involving odors. Especially 
noteworthy is a section of the bibliog- 
raphy on legal cases dealing with odor, 
wherein are listed several court de- 
cisions of interest to sewage treatment 
plant operators. 

H. P. ORLAND 
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PREVENTS SEPTICITY 
CONDITIONS SOLIDS 
IMPROVES SETTLING 


Here's real economy—the PFT way—in improving primary treatment and increasing settling 
tank reniovals. Combination Preaeration-Primary settling tanks are made possible by in- 
stalling PFT Preaeration equipment in the inlet end of rectangular settling tanks. As shown 
in the diagram, this equipment is made up of standard porous diffuser plates in vertical 
cast iron holders arranged for easy removal and servicing of plates. Air introduced through 
these plates adds oxygen to the raw sewage and provides agitation and mixing. This triple ac- 
tion prevents septicity in the settling compartment and conditions solids for improved set- 
tling and a resulting increase in removal of suspended solids and 5-day B.O.D. A baffle 
wall separates the preareation and sedimentation portion of the tank. A single sludge re- 
moval mechanism may be used for both the 


preaeration and settling portion of tank. 


Recent PFT Preaeration equipment installa- 
tions include: Marshfield, Wis.; San Leandro, 
Calif.; and Stockton, Calif. The North Point 
Plant for the City of San Francisco, for which 
contracts were recently awarded, also incor- 


porates PFT preaeration equipment. Write for PET Preaeration Equipment in Aeration-Sedimen- 
i tation tank at Sewage Treatment Plant of the Cen- 
details. tral Contra Costa Sanitary Ceeuien,, Walnut Creek, 
Calif.—Clyde C. Kennedy, C 


SEWAGE TREATMENT EQUIPMENT EXCLUSIVELY SINCE 1893 


4241 RAVENSWOOD AVENUE CHICAGO 13, ILLINOIS 
NEW YORK @ LOS ANGELES @ SAN FRANCO @ CHARLOTTE. NC @ DENVER @ TORONTO 
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out of hete folks... 
this hot stove will fey you 


HEN the first gas range, 

with its promise of a cool 
kitchen, was exhibited at the 
Philadelphia Centennial Exposi- 
tion in 1876, little did its sponsor 
dream of a market of 21,000,000 
homes. For that is the extraordi- 
nary number of residential cus- 
tomers now served by gas for 
cooking, refrigeration, or home 
heating. 


Water supply and sanitation 
also made extraordinary progress 
in the half-century since 1899, the 
year our Company was estab- 
lished. Today, 12,000 water works 


To those responsible for the great progress in 
water supply, gas and sanitation service and 
their contribution to better health and living over 
the past fifty years, America pays tribute. 


furnish 85 million people with a 
dependable supply of safe, palat- 
able water. Over 6,000 sewage 
treatment plants contribute to 
the health of the nation. 


In these three progressive 
branches of public service—gas, 
water supply and sanitation—are 
customers who have been buying 
pipe from us for 50 years. They 
know that we, also, have made 
signal progress, from decade to 
decade, in developing and per- 
fecting better methods for the 
production of better pipe. 


1899-1949 

U.S. Pipe & Foundry Co. 
Makers lor 50 years of cast iron pipe 
for water, gas and sewerage service 
General Ollices: Burlington 
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In large activated sludge sewage plants (such as those of 
the Chicago Sanitary District) and in small installations, 
too, Norton Porous Plates or Tubes are selected for maxi- 
mum efficiency and minimum costs in air diffusion. During 
manufacture the closest control is exercised over such im- 
portant qualities as permeability, porosity, pore size and 
wet pressure loss. These Porous Mediums are physically 
strong, chemically stable and resistant to heat. They are 
constructed to deliver air to the sewage in amounts and at 


flow rates calculated to give the best results. 


For complete information 
write for Catalog No. 1246. 


NORTON COMPANY Worcester 6, Mass. 


WNORTONY Porous Plates and Tubes, 
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Less 


en PIPE offers two basic 
safeguards that minimize infiltration in 
sewer lines: tighter joints and fewer joints. 

Transite’s special sleeve-type joints make 
up tight and stay tight in service. 

Its long 13-foot lengths reduce the number 
of joints in the system. 

These safeguards cut down the volume 
usually allowed for infiltration, reducing 
sewage load on the treatment plant and con- 
serving plant capacity for future needs. Where 
new treatment facilities are planned, this 
reduced infiltration may permit consideration 
of a smaller plant with resulting economies. 

Other Transite Economies —Transite’s long 
lengths help maintain uniform grades; fewer 
joints reduce turbulence in the line. These 


Johns-Manville 


advantages, added to Transite’s unusually 
smooth interior, mean better flow qualities 
(Kutter’s N=.010). This often permits 
designing the system with flatter grades and 
shallower trenches. Or, as an alternate 
economy, pipe of smaller diameter may 
be specified. 

Transite Sewer Pipe is made of asbestos, 
cement and silica by a special manufacturing 
process that employs steam curing to develop 
greater corrosion resistance and strength. It 
is available in four strength classes in sizes 
to 36", permitting selection of the pipe best 
suited to trench conditions, and frequently 
eliminating the need for concrete cradles. 

For further details, write Johns- gage 
Manville, Box 290, New York 16, JM| 
N. Y. 


*Transite is a Johns-Manville registered trade mork 


TRAWSITE SEWER FUE 
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Everdur Electrical Con- 
duit serves the ceration 
and final settling tanks 
in bringing power from 
the operating galleries 
to the sluice gates of 
the control centers, and 
from these centers to the 
mechanism on 
pier of each 
ink, 


Everdur Electrical Con- 
duit in service tunnel 
looking north from north 
gallery. 


PERFORMANCE 


in World’s Largest Sewage Treatment Plant 


.. . leads to extended use of 
Everdur Electrical Conduit 


wm Chicago's Southwest Sewage Treatment Plant was built 13 years 
ago, it utilized 14 miles of Everdur* Electrical Conduit, in sizes from 
34” to 2/2”. Conduit of Everdur Metal was selected because of its high physi- 
cal properties and excellent resistance to many corroding agents. 

More and more Everdur Conduit went into this plant, as its 1939 capacity 
of 400 m.g.d. was expanded to 
1,000 m.g.d. by mid-1948. Further 
expansion will take place over the 
next 5 years. Considerable Ever- 
dur Conduit is specified in several 
new contracts awarded to the 
Northern States Electric Com- 
pany, Chicago. COPPER-SILICON ALLOYS 


For detailed information on THE AMERICAN BRASS COMPANY 
Everdur Copper “Silicon Alloys in General Offices: Waterbury 88, Connecticut 
Sewage and Water Works service, Subsidiary of Anaconda Copper Mining Company 
write for Publications E-11 and In Canada: ANACONDA AMERICAN Brass LTD., 


E-5. 481884 New Toronto, Ont. 
*Reg. U.S. Pat. Of. 
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Modern Sewage Treatment Plants 


require equipment that has proved itself 
efficient and is backed by individual 
responsibility for design, engineering, fabri- 
cation and initial operation. 


General American Conkey Sludge Filters— 
the first to be used for large scale dewater- 
ing of sludges such as primary, elutriated- 
digested, Guggenheim Process, etc. — are 
dewatering more than a thousand tons of 
dry solids daily. 


General American Louisville Dryers have 
been successfully used for years drying both 
activated and digested sludges. Type “L”, 
with patented fire-conduits to eliminate 


scorching or burning, produces a uniformly 
high quality maximum yield of dried 
product for fertilizer or earth conditioner. 


Let the experience and knowledge of 
General American engineers help you while 
your plans are in the blue print stage. 


Other 
GENERAL AMERICAN EQUIPMENT 
SLUDGE DRYERS STORAGE TANKS 
SLUDGE GASHOLDERS THICKENERS 
TURBO-MIXERS SCREENING DEW ATERERS 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


Process Equipment Division 


SALES OFFICE: 10 East 49th St., 
WORKS: Sharon, Pa., 


OFFICES: Chicago, Cleveland, 


Louisville, Orlando, Pittsburgh, 


Dept. 8302, New York 17, N.Y. 
East Chicago, Ind. 


St. Louls, Sharon, 
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HeEatX UNIT 


Shown above is the Walker Process HeatX Unit. 


Designed to provide ABSOLUTE CONTROL 
over each function of sludge heating 


Requires a minimum of necessary safety con- 
trols. . . eliminates all complicated, easy-to-get- Combination type installation shown 
out-of-order ‘gadgets’. completely enclosed. 
Each function is separate... easily and ac- 
curately controlled. 
Sludge pumps provide forced circulation of 
sludge from digester through heater tubes, and 
the hot water pump forces uniform flow of jacket 
water to maintain desired heated sludge tem- 
peratures under highly efficient turbulent flow 
conditions. 
This versatile HeatX Unit is adaptable to all 
existing installations... without changing pres- 
ent boiler. We'll gladly supply complete details. 


Walker Process HeatX Unit installation. 
WRITE FOR BULLETIN 24524 


WALKER PROCESS EQUIPMENT INC. 
EQUIPMENT e EQUIPMENT ENGINEERING 
Aurora Illinois 
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DIRECTORY OF ENGINEERS 


(Continued on page 34) 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
FRANCIS S. FRIEL 


Ceneulting Engineers Charles B. B is R. H 

arles B. Burdic souls R. Howson 
WATER, STRIAL Donald H. Maxwell 
AIRFIEL REFUSE Water Works, Water Purification, 
I USTRIAL BUILD ) Flood Relief, Sewerage, Sewage 
CITY LANNING VALU “ATIONS Disposal, Drainage, Appraisals, 

REPORTS LABORATORY Power Generation 
1. PHILADELPHIA 7 Civic Opera Building Chicago 


BAXTER, NELSON & WOODMAN ONLY #8 PER YEAR 
Civil and Sanitary Engineers is the cost of a professional listing 
Water Supplies Water Treatment in this space. A card here will iden- 


Sewer Systems Sewage Treatment tify your firm with the specialized 
sewage works field and will afford 
Investigations 


maximum prestige! 
P. O. Box 67 Crystal Lake, Lllinois 


BLACK & VEATCH 
Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports. 


CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers BOWE, ALBERTSON & ASSOCIATES 
CLINTON L. BoGEeRT Ivan L. Bocert 
J. M. M. Greio RopertT A. LINCOLN Engineers 
DoNaLD M. DitMaRS ARTHUR P. ACKERMAN Sewerage—Sewage Treatment 


Water Supply—Purification 
Water and Sewage Works Refuse Disposal— Analyses 
Refuse Disposal Industrial Wastes Municipal —Industrial Projects 


Drainage Flood Control Valuations—Reports— Designs 
624 Madison Ave, New York 22, N. ¥. 110 William Street New York 7, N. Y. 


IFERT AND 
BURGESS & NIPLE 
nsulting Engineers d 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) Civil and Sanitary Engineers 


Specializing in Sewerage and Sewage Disposal, Water Supply and Purification 


Water Supvly and Water Puritication, Sewerage and Sewage Treatment 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. f. olumbus 15, oO 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL ENGINEERING CO. 


Consulting Engineers 50th year 
Waterworks, Light and Power, 
Sewerage, Reports, Designs, 
Appraisals, Rate Investigations. 
Box 7088, Country Station 
Office 95th and Troost 
Kansas City 2, Mo. 


CAMP, DRESSER and McKEE 
Cc. led, 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reports, 
Valuations and Rates. 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. 


Chicago 11, II. 


902 Highland Avenue 


OSCAR CORSON 


Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


Ambler, Pa. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separations—Bridges—Subways 
Local Transportation 


Investigations —- Reports —— Appraisals 
Plans and Supervision of Construction 
150 North Wacker Drive 
505 Colorado Bldg. 


Chicago 6 
Washington 5 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 

CHARLES M. Sporrorp W. Horne 

JOHN AYER L. HYLAND 

Bion A. BowMAN FRANK L. LINCOLN 

CARROLL A. Farwett Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 


Investigations and Reports Designs 
Supervision of Construction Valuations 
Boston New York 


FULTON & PFEILER 


Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—-Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 
and Power Developments; Jams anc 
Flood Control 


3209 Brewn Read 


Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—Sewage 
Industrial Waste & Garbage Disposal 
Roads—Airports—Bridges & 

Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Power Plant Engineering 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 


New York Washington 
Houston EADING, PA.  pniiadelphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


It pays to secure competent and experienced engineering advice! 
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WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad St. Station Bldg., Philadelphia 3, Pa. 


GREELEY & HANSEN 


Engineers 
Samuel A. Paul Hansen (1920-1944) 
Paul E. La Kenneth V. Hill 
Thomas M. } iis Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatm 
Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


ent 


HAVENS AND EMERSON 


Consulting Engineers 


W. L. Havens Cc. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 

Water, Sewage, Garbage, Industrial 

Wastes, Valuations.—Laboratories 
Leader Bldg. Woolworth Bldg. 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 


Consulting Engineers 


Joun L. Haypven 


J. Campia 
Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


Joun H. 


826 Park Square Building, Boston, Mass. 


HORNER & SHIFRIN 
Cc lting Engi 


w. HORNER S. W. JENS 
H. E. E. BLoss 
V. C. LISCHER 
Airports — Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Building, St. Louis 3, Missouri 


JONES, HENRY & SCHOONMAKER 


(Formerly Jones & Henry) 
Consulting Sanitary Engineers 


Security Bldg. 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Toledo 


4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage nt, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 
TROY, N. Y. 


FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 


CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 


Operation 


Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 


604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES, Inc. 
Engineers 
Water Supply and Purification, Sewer- 


age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 


Consulting Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street 


Rochester 


4, N.Y. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Parsons, Brinckerhoff, Hall & Macdonald 


Dams, 
Airports, 


Traffic & 


G. Gale Dixon, 
Engineers 


Bridges, 
Transportation Reports, 


Water Works, Sewerage 


Tunnels 
Highways 


Subways, Foundations, Harbor Works, Valuations 


Power Developments 
51 BROADWAY, 


Industrial 


Buildings 


NEW YORK 6, N. Y. 


Take advantage of the services 


of these outstanding consultants! 
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: BOYD E. PHELPS, INC. MALCOLM PIRNIE ENGINEERS 
Architects and Engineers Civil & Sanitary Engineers 


Water Supply and Purification Rosert W. SawyvEer G. G. Werner, Jr. 
Sewerage and Sewage Treatment Hasan 

Power Plants, Buildings, Investigations, Investigations, Reports, Plans 

Reports, Appraisals, Rate Studies Supervision of Construction and Operations 

Appraisals and Rates 


232 Franklin Street Michigan City, Indiana 25 W. 43rd St. New York 18, N. Y. 


RIPPLE AND HOWE RUSSELL and AXON 
Consulting Engineers Consulting Engineers 
O. J. Rievtz B. V. Hows Geo. 8. Russell 
Joe Williamson, Jr. F. E. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
Treat Rate Investigations, Reports, 
torm Sewers, Sewage Treatment ts, Plans, Specifications. 
Refuse Disposal, Airports. 


426 Cooper Bidg. Denver 2, Colorado Fila. 


ALDEN E. STILSON & ASSOCIATES 
STANLEY ENGINEERING COMPANY OM 


Sewerage—Waterworks Consulting Engineers 


Mechanical Structural 


Surveys Reports Appraisals 
209 S. High St. Columbus 15, Ohio 


Hershey Bullding 
Muscatine, Ia. 


WESTON & SAMPSON WHITMAN, REQUARDT & ASSOCIATES 


Consulting Engineers Engineers—Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 


Reports, Plans, Supervision, Appraisals 
14 Beacon Street Boston 8, Mass. 1304 St. Paul Street Baltimore 2, Maryland 


You can purchase good cathodic protection equipment 
Cathodic from many reputable manufacturers of anodes, rectifiers, 
etc. But that’s only half the answer to rust and corrosion 
PROTECTION problems. The rest of it is technical skill in the application 
of cathodic protection equipment and theory. 
is More Than Electro Rust-Proofing has, at your disposal, a trained 
Equipment staff of corrosion specialists ready to give each problem 
the individual attention required for successful solution. 
Why not write today? There’s no obligation. 


ELECTRO RUST-PROOFING CORP..,(N. J.) 
BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES 


: 
: 

Corrosion Control 
Sewerage, and Industrial 
Wastes Treatment 
Stream Pollution Studies 
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The Pioneers of 
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For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD . CLEVELAND 10, OHIO 
' METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES * DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS * AIR-OPERATED, ELECTRONIC AND ELECTRIC.CONTROLS. 
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Two new publications 


NOW AVAILABLE... 


%& GLOSSARY—WATER AND SEWAGE 
CONTROL ENGINEERING 


An authoritative volume of extensive value to everyone in the 
engineering profession. The Glossary contains 276 pages, 4,200 
terms and cross references pertaining to nomenclature of hydro- 
logic, hydraulic, and sewage works fields. Endorsed and com- 
piled by ASCE, AWWA, APHA, and FSWA. Price to members 
$1.00 in paper cover, $2.00 in cloth. 


* UNIFORM SYSTEM OF ACCOUNTS 
FOR SEWER UTILITIES 


A special publication containing information on systematic 
administration of sewage works through accounting. Adapts to 
sewage works the accounting system proved successful in trans- 
portation, water works, power and gas utilities. The Accounting 
Manual was prepared by the FSWA Sewage Works Practice 
Subcommittee on Sewage Works Accounting, contains 117 pages, 
mimeographed, price $5.00. 


MEMBERS... sENpD IN YouR ORDER TODAY! 


FEDERATION OF SEWAGE WORKS ASSNS. 
325 ILLINOIS BLDG., CHAMPAIGN, ILL. 
Please forward the following publications as indicated. 

C1] Copies GLOSSARY — WATER AND SEWAGE CONTROL ENGINEERING, 
paper cover @ $1.00 each. 

1) Copies GLOSSARY — WATER AND SEWAGE CONTROL ENGINEERING, 
cloth cover @ $2.00 each. 

() Copies ACCOUNTING MANUAL (mimeographed) @ $5.00 each. 
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“Shure, ’n it’s a HARDINGE AUTO- 
MATIC BACKWASH SAND FILTER 
ye’r lookin’ at—best sand filter made. 


“Cleans it’s own filter bed, it does—while 
operatin’—'n all automatic too, I niver 
touch it. 


“Tt knocks out fine suspended solids from 
me sewage effluent, after final settlin’, slick 
as a whistle! 


“If ye got suspended solids trouble, write 
Hardinge. Tell ’em to send ye Bulletin 
AH-382-16.” 


YORK, PENNSYLVANIA — 240 Arch St. . Main Office and Works 
NEW YORK 17—122 E. 42nd St. - 205 W. Wacker Drive—CHICAGO 6 
SAN FRANCISCO 11—24 Colifornic St. - 200 Bay St—TORONTO 


Manual of Practice No. 1 
“Occupational Hazards in the Operation of Sewage Works” 


$.25 each to Federation Members—$.50 each to Non-Members 


Manual of Practice No. 2 
“Utilization of Sewage Sludge as Fertilizer” 


$.75 each to Federation Members—$1.25 each to Non-Members 


Manual of Practice Binders 
Attractive and practical 3-ring binders, equipped with 
end-openers, lettered on front cover and back edge and 
large enough to file several manuals of practice as they will 
be issued, are ready for delivery now. Price $2.00. 
Place your orders immediately! 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
325 Illinois Building, Champaign, Ill. 
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PROOF 
“STERELATOR EFFICIENCY” 


SPECIFICATIONS 


Actual Users—THE BEST PROOF OF ALL 
Prove our claims that Everson SterElators are 
DEPEN DABLE—SAFE—EFFICIENT 
Easy to operate at LOW MAINTENANCE COST. 
Everson SterElators METER-MIX-FEED 
Chlorine gas accurately for all Wate- 
or Sewage Sterilizing demands. 

Furnished for Manual or Automatic operation. 


Everson SterElators utilize a high Vacuum. 
The indicating FLOW METERS have a 19 to I ratio. 


erplators 


EVERSON CORPORATION 
207 West Huron Street, Chicago 10, Illinois 


63rd Year’’ 


Serving America 
Doing The Things We Know Best 


Builders of 
GARBAGE 
DISPOSAL 
SHREDDERS 
for the 
Merchant 
Marine 
and 
Municipal 
Sewage 
Plants 


SANITARY ENGINEERS 


Why Net Investigate the Proven Gruendier Principle? 
Send fer Catalog and Facts om Latest 
GRUENDLER SEWAGE SHREDDERS 

for Municipal Sewage Plants 


For disintegration of Rag Stock, Garbage, 

Floatables, and Fibrous Materials with out 

Choke Down so as to pass Screen Bar— 
Select a GRUENDLER SHREDDER. 


GRUENDLER 


CRUSHER & PULVERIZER CO. 
2929 N. Market St. St. Louis 6, Mo. 


THE 
MAGNETITE FILTER 


with successful operating 
records, extending back 
as much as 16 years, is 
again available for im- 
proving the effluent or 
increasing the capacity of 
treatment plants for sew- 
age and trade wastes. 


MAGNETITE 
FILTER CORPORATION 
10 EAST 40TH STREET 
NEW YORK 16, N. Y. 


Are You Interested 


Sewage and Industrial 
Waste Treatment? 


If so, affiliate with 


THE FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


For Particulars, Write 


FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


325 ILLINOIS BUILDING 
CHAMPAIGN, ILL. 
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TYPICAL FOXBORO 


to beat a 
legal “threat” on 


ern controller” 
is the foun- 
dation of many 
outstanding 
Foxboro Waste 
Disposal Sys- 


With State after State now imposing legal restrictions 
on industrial waste disposal, you may be faced with 


this problem quite suddenly. Only by starting to 
gather complete data now can you be prepared for ond other variables. ’ 


necessary action when the time comes. 


Foxboro has prepared a concise, informative bul- 
letin on how to conduct a waste disposal survey... Foxboro Float 


the simple steps to take to gather the necessary data and Cable Type 
Instruments are 


on quantities, concentrations and constituents. Send designed for use 
for a copy of “Waste Disposal Surveys” today. Write on weirs and 

Parshall flumes. 
The Foxboro Company, 162 Neponset Avenue, They read 


Foxboro, Massachusetts, U. S. A. directly in flow. 


RECORDING - CONTROLLING - 
FOXBORO 


REG. VU. S. PAT. OFF. 


TODAY’S «se 
vitrified clay filter bottom blocks 


Great Neck’s New DORR 


Biofilter a fine example 


of modern design .. . 


The Dorr Company can point with pride to this fine 
example of Biofiltration serving part of Great Neck. 
An average flow of 1.2 M.G.D. is handled by single 


stage Biofiltration employing a dual recirculation 
flow-sheet. 


Designed by Clasence MacCallum 


In addition to the Dorr equipment an important 


i FFI Block 
Special Advantages of TFFI Blocks feature of this modern plant is its underdrainage 
WON'T CLOG LAST A LIFETIME system built for: life-time, trouble-free service of 


) EASY TO LAY RESIST ACIDS §—itrified Clay Filter Bottom Blocks. 


TRICKLING FILTER FLOOR INSTITUTE 


AYER-McCAREL-REAGAN CLAY CO., Brazil, Ind. @ NATIONAL FIREPROOFING CORP., Pittsburgh 12, Pa. 
BOWERSTON SHALE CO., Bowerston, Ohio @ TEXAS VITRIFIED PIPE CO., Mineral Wells, Tex. 
W. S, DICKEY CLAY MFG. CO., Kansas City 6, Mo. @ POMONA TERRA-COTTA CO., Pomona, N. Car. 
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Mixed tiow 
volute. Capaci 
ties fram 2,000 
to $0,000 G. P 
M. Heads trom 
10 to 60 it 


In sewage pumping, the Economy line has reached its present 
iexcellence through 34 years of development. Case histories of 
municipal and industrial installations throughout the world prove 
it. Whatever your pumping requirement, you'll find there’s an 
Economy Pump to do the job better... . longer . . . at lower cost. 
For complete details write Dept./AC-7. | 


Centrifugai, axial, and mixed flow pumps for all applications. 


Economy Pumps Ine, 


Division of Hamilton-Thomas Corp. 
Hamilton, Ohio 


Non-clogsing 
vertioal or hort 
zontal. Capac 
ties frorn 50 to 
20,000 
Heads ftom 10 
to 106 ft 


Non-clogging , 


sump. Capac 

tes from 50 to 
£0,000 G. P.M 
Heads trom 10 { 
to 100 ft Th 


Send for complete catalog 


P.O. Box 767 


SEWER AND PIPE CLEANING EQUIPMENT 


Sewer Rods, Wood & Steel Root Cutters, Buckets 
Sewer Machines, Engine Driven & Hand Operated 
Steel Tapes, Flushers, Nozzles & Brushes 


W. H. STEWART, INC. 


Syracuse, N. Y. 
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Do you have a 


MANUAL or PRACTICE BINDER? 


wma Keeps FSWA Manuals of Practice filed 
systematically . . . ready for use... in 
your reference library. 


ames Large enough for additional manuals 


to be added. 


«mmm: Attractively lettered on front cover and 
back edge for quick identification. 


$2.00 each 


Send in you order NOW! 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
325 ILLINOIS BUILDING 
CHAMPAIGN, ILL. 


Please forward...............special ring binders for 
FSWA Manuals of Practice @ $2.00 each. 


ADDRESS 
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“FLEXIBLE”’ 


POWER BUCKET MACHINES 


Clean Sewers 
The ‘*Flexible’’ Way 


Many sewer systems were heavily overloaded and 
neglected during war years. Now is the time to 
get these sluggish lines in first class condition— 
and ‘'Flexible” equipment provides the means at a 
fraction of the cost of old style methods. Every 
day, more sewer cleaning jobs are being done the 
“Flexible” way at a saving up to 80%. 


FLEXIBLE POWER BUCKET MACHINE 


POWER—DEPENDABLE—OPERA- 
TION—SPEED—SAFETY— 
ECONOMY —LONG WORK LIFE 


FROM SEWER TO STREET IN ONE OPERATION 


FLEXIBLE SEWER-ROD EQUIPMENT 
9059 Venice Bivd., Los Angeles 34, California 


141 W. Jackson Blvd 40! Broadway 147 Hillside Ter. P.O. Box 165 2011 Central Ave. 
Chicago, III New York 13 Irvington, N. J. Atlanta Memphis, Tenn. 


801 E. Excelsoir Blvd. 29 Cerdan Ave. P.O. Box 447 41 Greenway St. 
Hopkins, Minn. Roslindale 31, Mass. Lancaster, Texas Hamden, Conn. 


3786 Durango Ave. 909 N. Homewood Ave. 4455 S.E. 24th Ave. 
los Angeles 34, Colif. Pittsburgh 8, Po. Portland 2, Ore. a 
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2 Call your nearest W&T Representative, now, for complete & 


Sewage Treatment 


Dollars are bigger 
with Chlorination: 


Chlorination, fitted to your specific néeeds by WAT Engines, 
gives you more treatment facilities per dollar than other single: 
treatment adjunct, It can be put to work at your plat. doe ie 
than 1% of total plant cost in most cases. And for that 39), ieee. © 
ination by W&&T is on the job ready to overcome auch 
ODORS, PLANT OVERLOAD, FILTER PONDING, GREABR, 
and SLUDGE BULKING, wherever and whenever thay 


Of course,to get these results, chiorinstiqn saust Re correctly 
applied. That’s where W&T’s 35 years of experience come in, Exp 
rience plus sturdy W&T Equipment~designed to 
mittent sewage plant use—adds up to ons sure 
have the proper equipment, properly installed, 6 thorn 
job at low cost. 


on the full line of W&T equipment for effective — ein e 


WALLACE 


CHLORINE AND CHEMICAL COUIPMENE 
NEWARK NEW JERSEY > REPRESENTED IN PRIMER 
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